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EXECUTIVE SUMMARY

This report for Individual Hazardous Substance Sites (IHSSs, or Sites) 200 (Great Western
Reservorr), 201 (Standley Lake), and 202 (Mower Reservoir) was prepared in response to
requirements mn the Interagency Agreement (IAG) between the US Department of Energy
(DOE), the US Environmental Protection Agency (EPA), and the Colorado Department of
Health (CDH) The sediments 1n these reservoirs contain low levels of plutonium as a result of
past activities at the Rocky Flats Plant (RFP) The IAG identifies the following primary
objectives for this report

1 Submut all known and accumulated data describing, detailing or defiming

contamination within the reservoir(s) and tnbutaries of the reservoir(s) including
surface and ground water sources, and

2 Submut a health nisk assessment documenting the risks dertved from all potental
exposures associated with a no action alternatve for remediation of the
contamination

After evaluating over 30 documents contaiming data relevant to Sites 200-202, 1t became evident
1t would be impractical to append the entire body of existing data to this document The IAG
data submussion requirement 1s addressed by summarnzing pertinent data throughout the report,
by including a bibliography histing general references and available documentation of data for
Sites 200-202, and by appending specific data sources for the three Sites to the report

The existing data for Sites 200-202 were collected for the purpose of site characterization rather
than to support a rigorous quantitative health risk assessment After evaluating the existing data
against EPA guidance for data useability 1n rnisk assessments 1t became apparent that the data do
not meet current quality control standards necessary to support a quanutative risk assessment
As a result, this report includes a qualitative human health nsk assessment for Sites 200-202
In addition, a "generic" nisk assessment calculation 1s included which shows the steps and many
assumptions underlying a quantitative nisk assessment, and which generates nisk values based on
hypothetical plutonium concentrations 1n reservorr sediments and water under various exposure
scenarios This calculation 1s useful in helping to determine whether known contamination at the

three reservoirs poses an immunent health risk to the public The following discussions provide
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a brief summary of the information provided 1n this report in support of the objectives histed

above

Sites 200 (Great Western Reservorr), 201 (Standley Lake), and 202 (Mower Reservoir) comprise
three of the four Sites within Operable Unit No 3 (OU 3) OU 3 differs from other RFP OUs
n that 1t 1s located outside the RFP boundary The three reservoirs are located outside the
eastern boundary of the RFP Great Western Reservorr serves as the municipal water supply for
the City of Broomfield, while Standley Lake supplies water to the cities of Thornton, Northglenn
and Westminster Mower Reservorr 1s a much smaller, pnvately-owned impoundment used for

agricultural purposes (1€, cattle watering and wrrigation)

Past environmental investigations of Sites 200-202 have shown that plutomium concentrations in
the bottom sediments of all three reservoirs exceed estimated background (nuclear testing fallout)
concentratons The elevated plutonium concentrations are attributed to historical airborne
(fugitive dust) and waterborne releases from the RFP These releases resulted primarily from
RFP operations 1n the 1950s, 1960s, and 1970s Pollution control measures implemented at the
RFP since this tme have effectively eliminated the sources of the plutontum In addition, surface
water control measures now allow the RFP to prevent runoff and effluent from the main RFP

production facility from reaching the reservoirs

The information presented 1n this report points to the following conclusions about Sites 200-202

* Plutontum and americium (a decay product of plutonium) are the only known
contarunants 1n the reservorrs attributable to RFP releases This conclusion 1s based
on extensive water quality momtoring data for Great Western Reservorr and Standley
Lake and analysis of bottom sediment samples for numerous potential RFP-derived
contaminants, including various radionuchides and berylhum

* Plutomum-bearing horizons of bottom sediments in Great Western Reservorr and
Standley Lake have been covered by subsequent sedimentation The highest
sediment plutonium concentrations were found to exist 1n the deepest areas of each
reservorr  The concentrations of plutonium 1n the sediments in areas of highest
exposure potential (1€, near-shore areas) of Great Western Reservorr and Standley
Lake are above background levels, as measured by several past studies 1n sediments
of Colorado Front Range reservours believed to be unaffected by RFP releases
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Maximum plutontum concentrations measured to date in Great Western Reservorr
sediments are several imes higher than those measured to date in Standley Lake
sediments

Only four sediment samples have been collected (all 1n 1970) to assess plutonium
concentrations in Mower Reservorr sediments The highest plutonium concentrations
measured were roughly twice the estimated background concentration due to
atmospheric testing fallout, and were several times lower than the highest
concentrations measured to date in Standley Lake

Plutonium 1s strongly adsorbed to the clay-rich sediments typical in impoundments
near the RFP Studies have shown that plutonium 1n the reservorr sediment columns
1s effectively immobilized

Routine water quality monitoring indicates that water quality in Standley Lake and
Great Western Reservoir has not been measurably impacted by plutonium 1n the
reservolr sediments A single water sample collected 1n 1970 from Mower Reservoir
showed background plutonium concentrations (background 1s due to atmospheric
testing fallout)

Residential tap water denived from Standley Lake and Great Western Reservorr 1s
routinely analyzed for plutommum Results consistently indicate that plutonium
concentrations are well below CDH drinking water standards

Of the many potential exposure pathways 1dentified for the reservorrs, the arborne
pathway from reentrainment of exposed sediments 1s constdered the most sigmficant
pathway that can convey plutonium to human receptors from Sites 200-202
Airborne plutontum concentrations measured by air monitors downwind of Sites
200-202 have remained well below the 0 02 picocuries per cubic meter (pCy/m?), or
0 0007 becquerel per cubic meter (Bg/m®) standard set by DOE All potential
exposure pathways, however, will be addressed under scheduled RCRA Facility
Investigation/Remedial Investigation (RFI/RI) activities at Sites 200-202

Additional data necessary to support a quantitative risk assessment for Sites 200-202 will be

collected during scheduled RFI/RI activities This report will serve as the basis for the RFI/RI

scoping process Risk assessment and site characterization needs will be integrated in the RFI/RI

to ensure that all potential site contaminants and exposure pathways are identified and

charactenized to the extent necessary to perform a quantitative human health nisk assessment
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LIST OF DEFINITIONS

Completed Exposure Pathway' The route a chemical or radionuchde takes from a source to an
exposed orgamism A completed exposure pathway describes a unique mechanism by which an
individual or population 1s exposed to a chemucal or radionuchde originating from the site  Each
completed exposure pathway includes a source, a transport media, a mode of uptake, and a
receptor

Data Quality Objecves' Qualitative and quantitative statements to ensure that data of known
and documented quality are obtained

Data Valhidation The quality assurance process of reviewing sample collection methods, sample
handling and preservation, sample documentation and analytical procedures and results to
evaluate the accuracy and rehability of data Data are then classified as being quanutative,
qualitative, or unusable

Detection Limit! The lowest value that can be reliably detected above the background noise of
a given analytical instrument or method

Health Risk Assessment The assessment of chemical or radiological releases from a site and
the analysis of public health threats resulting from those releases

Qualitative Risk Assessment An estimate of the likelthood of an adverse health effect by
analyzing both exposure and dose response data 1n a non-numerical manner

Quanutative Risk Assessment Based on completed exposure pathways, probabilities that an
individual wall develop cancer over a lifetime of exposure are esimated from projected intakes
and chemucal/radionuclide-specific dose response information

Risk A unitless probability of an individual being affected by an event.

Risk Coefficient For the purposes of this document, a umtless probability of an individual
developing cancer from a chronmic daily intake of plutomum averaged over 70 years

! Defimtions from the EPA Risk Assessment Guidance for Superfund (EPA, 1989)
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1.0 INTRODUCTION

This document summarnzes available historical information and presents a preliminary human
health nsk assessment for Individual Hazardous Substance Sites (IHSSs, or Sites) 200 (Great
Western Reservorr), 201 (Standley Lake), and 202 (Mower Reservorr) of RFP OU 3 (Off-Site
Releases) OU 3 1s umique among Rocky Flats operable units 1n that 1t 15 located outside the RFP
boundaries These reservowrs have been the subject of numerous environmental studies and
monitoring programs aimed at determunming the extent to which each has been impacted by
releases from the RFP  The RFP 1s owned by the DOE and contractor-operated by EG&G Rocky
Flats, Inc as a nuclear weapons research, development and production complex The RFP 1s
situated on 6,550 acres (2,650 hectares) of federal property 16 miles (mi) (26 kilometers{km])

northwest of downtown Denver, Colorado (Figure 1-1)

In addition to the three reservoirs, OU 3 also includes site 199 (Contamination of the Land’s
Surface) site 199 1s the subject of a Past Remedy Report which was submutted to EPA and CDH
on Apnl 2, 1991 (DOE, 1991a)

11 PURPOSE AND OBJECTIVES

The purpose and objectives of this report are denived primanly from the IAG between the CDH,
the EPA, and the DOE (EPA, 1991) The following reporting requirements are set forth in
Table 5 of the IAG Statement of Work for each of the three reservoirs

1 Submut all known and accumulated data describing, detailing or defining contamination
within the reservorr and tributaries of the reservorr including surface and groundwater
sources

2 Submut a health nsk assessment documenting the nsks derived from all potential
exposures associated with a no action alternative for remediation of the contamination

After evaluating over 30 documents containing data relevant to Sites 200-202, 1t became evident
that 1t would be impractical to append the entire body of existing data to this document The
JIAG data submussion requirement 1s therefore addressed by summanzing pertinent data

throughout the report, by including a bibltography listing available documentation of data for
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Sites 200-202 (Section 6 0), and by providing selected data source documents for the three

reservorrs 1n Appendix D

Secion VIID of the IAG Statement of Work details the components of the health nsk
assessments required for the reservoirs These components are the basis of a rigorous,
quantitative assessment of the human health risks associated with contamination at the site, and
1t 15 the intent of the IAG that they be applied to Sites 200-202 to assess public health risk under
a no action remediation alternative Critical to the performance of such a health risk assessment
are the quality and specificity of the data used to support the assessment The EPA’s "Guidance
for Data Useability in Risk Assessment” document (EPA, 1990a) establishes guidelines for the
mimmum level of data quality control required to perform a defensible, quantitative risk
assessment Virtually all of the available data for Sites 200-202 have been collected for the
purpose of site characterization rather than risk assessment While these data are well suited for
site characterization, a detailed evaluation against EPA useability criteria (Appendix A) indicates
that existing data from Sites 200-202 do not meet current quality control standards to support a
quantitative risk assessment This report therefore provides a qualitative risk assessment 1n which
human health nisk 1s defined 1n relative terms rather than calculated nsk values Also included
1s a "genernc” nsk assessment calculation (Appendix C) which shows the steps and the many
assumptions underlying a quantitative nisk assessment, and which generates nisk values based
upon hypothetical plutonium concentrations in sediment and water under various exposure
scenartos This calculation 1s useful 1n helping to determine whether known contamination at
Sites 200-202 poses an immunent health nisk to the public Additional data needed to support a
quantitative nisk assessment for Sites 200-202 are 1dentified 1n Section 4 10, these data wall be

collected under scheduled RFI/RI activities at OU 3

The following specific objectives for this report are based upon the IAG reporting requirements

for the reservoirs and the preceding discussion on data useability
o Describe reservorr site physical and chemical characteristics
s Provide a synopsis of environmental studies conducted to date at the reservorrs

o Formulate a conceptual model for contaminant fate and transport from the reservoirs
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¢ Cite evidence to support or invalidate the conceptual model for each reservorr

¢ Provide a preliminary health nisk assessment for the reservoirs, focusing on a no-action
alternative

¢ Identify additional data needed to support a quantitative nisk assessment for each
Teservolr

12 REGULATORY BACKGRQUND
The IAG groups IHSSs (Sites) at the RFP 1nto 16 Operable Units (OUs), one of which 1s OU 3
The OU numbening system reflects the relative order of priornity for the OUs OU 3 formerly was

designated OU 10 The present RFP OU system has emerged from public comment and
redevelopment of the IAG, which increased the number of OUs from 10 to 16 and changed their

relative order of priority

The pnmary source for the scope of work for investigation and remediation of RFP OUs 1s the
IAG, which specifies an approach tailored to the particular requirements of the RFP As stated
in paragraph 256 of the IAG, all response activiies by the DOE under the JAG are to be
performed " 1n accordance with the requirements of all applicable federal and state laws and
regulations " These include the applicable requirements of the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), the National Contingency Plan (NCP),
the Resource Conservation and Recovery Act (RCRA), the Colorado Hazardous Waste Act
(CHWA), and pertinent EPA guidance documents Investigation of the RFP OUs 1s scoped 1n
the IAG per EPA RCRA and CERCLA guidance, which specify collection of data under an
RFI/RI to support a site characterization, a health risk assessment, and an environmental
evaluation For Sites 200-202, however, the IAG specifies the use of existing data to develop
a health nisk assessment and does not require an environmental evaluation This document,
which summanzes existing site information and assesses human health nsk under current site
conditions, 1§ typical or a preliminary site assessment developed 1n a work plan to focus site

investigation activities

Great Western Reservorr 1s used as part of the municipal water supply for the City of Broomfield,
while Standley Lake provides water for the cities of Westminster, Thornton and Northglenn
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compliance with Federal and state water quality standards apphicable to drinking water supply
sources 1s monitored at these reservowrs through routine sampling and analysis  Local
governments participate in public review of RFP plans and proposals as part of their involvement
1n decisions about RFP activities which may impact Great Western Reservorr or Standley Lake
Mower Reservorr 1s a much smaller, privately owned impoundment used for agricultural purposes
(1e, cattle and rngation) Although not actively monitored, Mower Reservoir water quality 1s
governed by CDH water quality classification and standards for the South Platte River basin
(CDH, 1990a)

13 REPORT ORGANIZATION

The remainder of this report 1s organized into the following sections

s Section 2 0 provides a discussion of site charactenistics and history, and summarizes
environmental studies conducted to date at Sites 200, 201, and 202

s Section 3 0 provides a description of the site conceptual model used 1n the preliminary
human health nisk assessment

o Section 40 provides a preliminary human health nisk assessment, including
identification of data needed to conduct a quantitative human health risk assessment

+ Section 5 0 provides conclusions and recommendations
s Section 6 0 provides a bibliography and references

o Appendix A provides an evaluation of existing reservorr data useability for nisk
assessment against EPA cnitena

» Appendix B provides general gmdelines for development of a health risk assessment
v Appendix C provides a "generic" risk assessment calculation for Sites 200-202

s Appendix D provides selected data source documents for Sites 200-202
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2.0 SITE BACKGROUND AND DESCRIPTION

The RFP fabnicates metal components for nuclear weapons from plutonium, uranium, beryllium,
and stamnless steel Support activities include chemical recovery and purnfication of recyclable
transuranic radionuclides, and research and development 1n metallurgy, machining, nondestructive
testing, coatings, remote engineering, chemustry, and physics These operation generate
nonhazardous, hazardous, radioactive, and mixed radioactive waste streams (DOE, 1987) The
385 acre (156 hectare) main production facility of the RFP, within the controlled area, is
surrounded by a 6,150 acre (2,491 hectare) buffer zone which delineates the RFP boundary
(Figure 1-1)

The three OU 3 reservours are located outside the eastern boundary of the RFP (Figure 2-1), two
to four m1 (3 2 to 6 4 km), from the main production facility The locations are downgradient
and generally downwind of the RFP Each of the reservoirs has received some of 1its influent
water from drainages flowing from the RFP during the operating history of the plant A system
of diversion ditches and retention ponds within the RFP now allows the RFP to prevent surface
water from the main production facility from reaching any of the reservoirs (Figures 2-2 and 2-3)
Great Western Reservorr 1s 1solated completely from RFP surface water by a ditch which diverts
flow around the reservoir (Figure 2-3) Plans are proceeding for constructton of a similar
diversion around Standley Lake Extensive environmental monitoring of ground water, surface
water, ambient air, and soils on and near the RFP 1s conducted by a number of agencies and
municipalities (Section 2133 and 2222) While 1t 15 possible that the reservorrs could be
affected by future airborne and/or waterborne emussions from the RFP, 1t 1s expected that any
such emissions would be detected and characterized by environmental monitoring, and that the
potential impact of the resulting contamination on the reservoirs could be readily assessed The
contamination of Sites 200-202 described 1n this report 1s a result of both routine operational
procedures and accidental releases during the first several decades of the RFP operation (early
1950s to late 1970s) Environmental montonng results summanzed in monthly and annual
reports (Dow, 1971-1989, CDH, 1970-date) suggest that environmental control measures and
changes 1n operating procedures have effectively prevented additional radioactive contaminants

from 1mpacting the reservoirs

RFPapr200 r 6 061291
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Numerous mvestigators (see Sections 213 and 222) have studied the impacts of RFP
contaminants on the sediments, water, and ecosystems of Great Western Reservorr, Standley
Lake, and their tnbutary dranages from the RFP (Walnut Creek and Woman Creek, respectively)
Almost all of this work has focused on radionuchides, primanly plutonium and americium, which
1s a decay product of plutonium Although concentrations of nonradioactive contaminants are
routinely measured 1n reservoir and drainage water and have been detected 1n upstream holding
ponds and dramnages on the RFP, virtually no data exist for prospective RFP-dernived
nonradiocactive contaminants 1n the reservoir sediments Prospective radioactive and
nonradioactive contaminants 1n the reservoirs will be fully characterized under scheduled RFI/RI

activities at Sites 200-202

21 GREAT WESTERN RESERVOIR (Site 200)

Site 200 encompasses Great Western Reservour, off-site reaches of Walnut Creek (which formerly

flowed 1nto the reservoirr from the RFP), and downstream surface water features possibly
impacted by outflow from the reservoir (Figure 2-1) Portions of Walnut Creek within the
boundaries of the RFP will be investigated as RFP OU 6 and are not included 1n Site 200

211 Location and Description
Great Western Reservorr 1s located approximately 15 mm (2 4 km) east of the RFP’s eastern

boundary 1n Sections 6 and 7 of Township 2 South, Range 69 West (T2S, R69W) (Figure 2-1)
The reservoir 1s owned by the City of Broomfield and 1s utihzed solely for the city’s municipal
water supply Public access to Great Western Reservorr and the surrounding area 1s fenced and

posted to exclude public access (Broomfield, 1990)

Pre-construction information for the Great Western Reservorir site 1s not given in available
references The onginal reservorr was bwlt in 1904 as a wngation water supply The dam has
been enlarged on several occasions, most recently 1n 1958 The maximum height of the dam 18
69 feet (ft) (21 meters [m]) (Hydro-Triad, 1981) The present reservoir volume 1s 3,250 acre-feet
(401 hectare-meters) The bottom and sides of the reservoir are unlined, meamng that the

reservoir may be hydraulically connected to the ground water system 1n the area (Maller, 1990)
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212 Sute Conditions

Although little site-specific information 1s available concerning the geology and ground water
hydrology of Site 200, plant-wide hydrogeologic studies give an indication of conditions 1n the
vicinity of the RFP The following sections summanze relevant results of these studies and

provide site-specific information where available

2121 Geology and Ground Water Hydrology
The US Army Corps of Engineers utilized data from two existing boreholes near Great Western

Reservorr as part of a 1989 evaluation for a surface water interceptor system for the reservoir
In these boreholes, alluvium surficial deposits are underlain by Arapahoe Formation bedrock at
depths of 5 and 16 ft (15 and 49 m) Bedrock consists of interbedded sandstone, siltstone and
claystone and dips shightly to the east (Corps of Engineers, 1989) The precise locations of these
boreholes are not given 1n this document The Arapahoe Formation averages 250 ft (76 m) 1n
thickness 1n the RFP area, and 1s underlain by several hundred feet (approximately 100 m) of
shale comprising the upper portion of the Laramie Formation (USGS, 1976) It 1s expected that

a simular stratigraphic sequence underlies Great Western Reservorr

Two hydraulically-connected ground water systems occur at the RFP  An unconfined system
which 1s present 1n saturated surficial deposits (the upper hydrostrangraphic unit) 1n many areas
of the RFP, and a confined system 1n sandstones and claystones of the underlying Arapahoe
Formation (the lower hydrostratigraphic unit) (USGS, 1976) The shallow unconfined system 1s
recharged by imnfiltration from incident precipitation and from surface and baseflow water (e g,
drainages and reservoirs) Ground water flow 1s generally to the east and towards drainages
Ground water locally discharges as seeps or springs in drainages, especially where the surficial
deposit/bedrock contact 1s exposed Large water table fluctuations may occur in the shallow
system 1n response to seasonal vanations 1n recharge and discharge, with the highest water levels
generally occurning during the months of May and June and the lowest water levels generally
occurring 1n January and February As a result of these fluctuations the lateral and vertical extent
of saturated surficial deposits varies seasonally Several past studies have measured hydraulic
conductivity 1n the upper and lower hydrostratigraphic units using drawdown-recovery tests,

pump tests, packer testing and slug testing on selected wells (USGS, 1976, Hydro-Search, 1985,
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Rockwell, 1988a) Recent work has estimated hydraulic conductivines for RFP geologic units
at 10° cm/sec 1n the Rocky Flats Alluvium, 10° cm/sec 1n subcropping Arapahoe Formation
sandstones, 10 ® cm/sec 1n unweathered Arapahoe Formation sandstones, and 107 cm/sec 1n both

weathered and unweathered Arapahoe Formation claystones (EG&G, 1n press)

Confined ground water 1n the lower hydrostratigraphic unit occurs primarily in lenticular
sandstone bodies within claystone Ground water flow 1n the upper hydrologic unit occurs in the
unconsolidated Quaternary surficial deposits and the shallow sandstone within the bedrock
Recharge to this umit occurs from infiltration from streams and precipitaton The lower
hydrologic unit 1s found 1n the deeper bedrock sandstones which exhibit confined conditions
Recharge to this umit occur primanly from baseflow and leakage from the overlying claystone
Ground water 1n the lower hydrologic unit flows east towards a regional discharge area along the
South Platte River, some 20 mu (32 km) east of the RFP Local seeps occur along the sides of
drainages where the bedrock crops out Calculated honzontal hnear flow velocites for the
system average 01 ft/day (003 m/day) in the sandstones and approximately 9x10* ft/day
(2 7x10* m/day) 1n the claystone A relatively steep downward gradient 1s also observed 1n areas
of the formation The effects on ground water movement by faulting 1n the lower hydrologic unit
are not known (USGS, 1976, Hydro-Search, 1985)

Specific hydrogeologic information for Great Western Reservorr 1s liniuted to dnlling records
from privately-owned water wells in the vicinity of the reservoirr Drilling and filing records held
by the Colorado Division of Water Resources suggest that surficial deposits near the reservorr
range 1n thickness from 15 to 50 ft (4 6 to 15 m) and average approximately 25 ft (7 6 m) thick
These deposits typically are described as clay, sandy clay, or clay with gravel and boulders,
locally capped by five to six feet of topsoill The underlying bedrock 1s described 1n most well
records as alternating layers of shale and sandstone, which 1s assumed to be a very generalized
description of the Arapahoe Formation Most of the wells for which records were examined were
completed 1n sandstones at depths ranging from 35 to 275 ft (107 to 84 m) Stanc water levels
averaged 10 to 50 ft (3 to 15 m) higher than the screened 1nterval, indicating moderate pressure

head in the sandstones
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2122 Surface Water

Great Western Reservorr 1s fed primarily by Clear Creek via Lower Church Ditch (Figure 2-1)

Unul recently, the reservorr also received influent from the north and south branches of Walnut
Creek, both of which flow from the RFP The two branches merge 1nto a single drainage within
the RFP boundary (Figure 2-2) A chromic acid release at the RFP in 1989 prompted
construction of a Walnut Creek diversion, known as the Broomfield Diversion Ditch (Figure 2-3)

Surface water affected by the chromic acid was diverted around Great Western Reservorr and did
not 1mpact the reservoirr (Dow et al, 1971-1989) Walnut Creek flow from the RFP 1s now
treated and diverted south around Great Western Reservoir into the drainage below the reservorr
outlet, where 1t combines with outflow from the reservoirr The Broomfield Diversion Ditch
effectively prevents surface water from the RFP from reaching Great Western Reservoir Walnut
Creek continues below Great Western Reservorr and eventually discharges into Big Dry Creek

several miles downstream from the reservoir (USGS, 1980)

Within the RFP boundary, the North and South Walnut Creek drainages contain the A and B-
series holding ponds, respectively In North Walnut Creek, there are four ponds designated A-1,
A-2, A-3 and A-4, from west to east (Figures 2-1 and 2-2) Ponds A-1 and A-2 are used only
for spill control, and North Walnut Creek stream flow 1s diverted around them through an
underground pipe Pond A-3 receives North Walnut Creek stream flow and runoff from the
northern portion of the RFP Pond A-4 1s utilized for surface water control and for overflow
from Pond A-3 (Rockwell, 1988a)

Five retention ponds located along South Walnut Creek are designated B-1, B-2, B-3, B-4 and
B-5, from west to east (Figures 2-1 and 2-2) Ponds B-1 and B-2 are reserved for spill control
Pond B-3 receives treated effluent from the RFP sanitary sewage treatment plant Ponds B-4 and
B-5 receive surface runoff from the central part of the plant and routinely receive discharge from

Pond B-3 Pond B-5 also collects overflow from Pond B-4 (Rockwell, 1988a)

213 Environmental Investigations
From the opeming of the RFP in 1952 through approximately 1979, water containing

decontaminated process and laundry effluent was discharged through the B-senes ponds to South
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Walnut Creek (Rockwell, 1988a, Dow, 1973) Cooling tower blowdown and treatment system
steam condensate were discharged to the A-series ponds, which feed into North Walnut Creek
These discharges contamned radionuchides which accumulated 1n the sediments of the holding
ponds, Walnut Creek, and Great Western Reservoir (DOE, 1980) The EPA concluded 1n 1975
that historic releases of contaminants from the RFP to Great Western Reservorr resulted primarily

from the following activities (Appendix D, Document D-3)
» Early operational practices at the plant (1950s and 1960s)

o Reconstruction of the holding ponds between 1970-1973, which resuspended pond
sediments and released some of this matenal to Great Western Reservolr

s A 1973 tntium release from the RFP (Section 2 1 3 2)

s Arrborne transfer of radionuclides (primanly plutonium)
The following sections present chronological summaries of environmental studies conducted to
date of Site 200 Analytical results from these studies are summarized in Table 21 The studies
are incorporated by reference to the documents in Appendix D and to the bibhiography 1n Section
60

2131 Reservorr and Drainage Sediments

The EPA conducted the first extensive sampling of bottom sediments 1n Great Western Reservorr
in February and September 1970 The results indicated that a layer of sediment containing
plutonium above the EPA estimated baseline (worldwide atmospheric fallout) level of <01
picocurie per gram (pCy/g), or 0 0037 becquerel per gram (Bq/g) was present in the bottom of
the reservorr The thickness of the plutonium-bearing sediments was 2 1n (5 cm) or more at all
sampling locations The highest concentrations of plutomum were detected in sediments 1n the
Walnut Creek 1nlet area and the central section of the reservoir (leading to the dam inlet) The
lowest concentrations were found 1n the south arm, the shoreline area between the south arm and

the dam, and the western portion of the north arm (Appendix D, Documents D-1 and D-2)
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TABLE 2.1

GREAT WESTERN RESERVOIR PLUTONIUM ANALYTICAL DATA

Data Source Range (pCi/g or 1) Average Number of
(pCy/g or 1) | Data Points

"Radioacuvity Levels i the Environs of the Surf Sed! 010-013 011 3
Rocky Flats Plutonium Plant, Golden, Colorado,
1970," Apnl 1971, by EPA (Appendix D, Water 003 003 1
Document D-1)
"Radioactivity Levels 1n the Environs of the Surf Sed. 008-086 034 20
Rocky Flats Plutonium Plant, Colorado, 1970,
Part I1," December 1973, by EPA (Appendix D, | Sed Core 003-10 024 12
Document D-2)

Water <002 <002 1
"Plutonium Levels 1n the Sediment of Area Surf Sed. <0064 1 14 20
Impoundments Environs of the Rocky Flats
Plutonium Plant - Colorado,” February 1975, by | Sed Core <0024 5 097 15
EPA (Appendix D, Document D-3)
"Survey of Reservorr Sediments,” August 1974, Surf Sed 068-79 34 5
by Dow Chemical (Appendix D, Document D-
4) Sed Core 0001-53 042 13
"Radionuclide Concentrations wn Reservorrs, Sed Core 001-82 217 7
Streams and Domestic Waters Near the Rocky
Flats Installation,” April 1981, by Battelle PNL
(Appendix D, Document D-5)°
“Great Western Reservorr Spillway Sediment Surf Sed. 0013-0083 004 14
Sampling Program Phase [ Report,” May 1979,
by Rockwell Internatonal (Appendix D, Sed Core 0007-0192 0074 14
Document D-7)*
"Great Western Reservoir Spillway Sediment Sed Core 0006-0 07 004 7
Sampling Program Phase II Report,” August
1980, by Rockwell International (Appendix D,
Document D-8)*
"Great Western Reservoir Sediment Cores," Surf Sed 0261 35 48
February 1985, by Rockwell Intemational
(Appendix D, Document D-9) Sed Core 0013-54 12 4

t Surface sediment grab sample--typically represents upper 5 cm of sediments

2 Results are for samples collected 1n 1973 by EPA and split with DOE Surface sediment grabs analyzed by

Rocky Flats laboratory, sediment cores analyzed by Battelle Pacific Northwest Laboratory and Lawrence

Livermore National Laboratory

3 Collected numerous water and sediment samples in which plutonium concentrations were not measured
4 Great Western Reservorr spillway sediments, sampled prior to removal and disposal
RFPapr200r 15
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EPA resumed their investngation of plutonium 1n surface water sediments east of the RFP 1n
September 1973 This phase of the study further documented plutonium concentrations in Great
Western Reservoir  Sediment samples collected both by dredging and coring indicated that
plutontum above expected baseline concentrations was present over almost the entire bottom of
Great Western Reservorr as a result of releases from the RFP  The maximum plutontum
concentration detected was 4 5 pCi/g (Table 2 1) The results confirmed the areal distribution
of plutonium delineated by the 1970 study, except that the highest concentrations were found 1n
the deepest areas of the reservoir rather than 1n the Walnut Creek 1nlet area It was also observed
that plutomum-239 concentrations 1n the uppermost sediment layer increased substantially in the
three years between the studies This increase was traced to an influx of sediment resuspended
from the RFP holding ponds during pond reconstruction activities This study also measured
concentrations i Great Western Reservoir sediments of selected radionuchdes other than
plutonium and of berylllum No significant vaniations 1n the concentrations of these potential
RFP contaminants were observed throughout the reservoir or between Great Western Reservoir
and Standley Lake (Site 201) (Appendix D, Document D-3)

The 1970 and 1973 EPA studies also sought to confirm the estimated plutomum baseline
(background) level by sampling sediments from Front Range reservours believed to be unaffected
by the RFP During the 1970 study, sediment samples were collected from Calkins Lake and
Autrey Reservoir (Appendix D, Documents D-1 and D-2) During the 1973 study, samples were
collected from Cherry Creek Reservorr, Marston Lake, and Ralston Reservorr (Appendix D,
Document D-3) With one exception, analysis of samples from these reservoirs yielded
plutonium-239 levels below <0 1 pCy/g (0 0037 Bg/g), substantiating EPA’s estimated baseline

concentraanon

An accidental release of trittum from the RFP into Walnut Creek and Great Western Reservorr
occurred 1n 1973 (EPA, 1974) Subsequent studies measured trinum concentrations in reservoir
water as a result of the release, however, tritium contamination in reservolrr sediments has not
been studied (Rockwell, 1988b)
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In 1974, Battelle Pacific Northwest Laboratories conducted an investigation of radionuclide
concentrations in reservoir and stream sediments near the RFP  Concentrations of plutonium-239,
plutonium-240 and americium-241 1n the sediments of Great Western Reservoir and Walnut
Creek were found to exceed "basehne levels" (presumably the EPA baseline of <01 pCi/g
[00037 Bq/g]) The study estimated the total inventories of plutonum and americium 1n Great
Western Reservorr sediments at 244 millicunie (mCi) and 73 mCi (9 02 and 2 7 gigabecquerel
[GBq]), respectively  Concentrations of cesium-137 were at or below expected baseline
concentrations  Age-dated sediment cores collected dunng this study from Great Western
Reservorr demonstrated two separate periods of plutonium deposition, 1968-1969 and 1959-1964,
both of which coincide with recorded, controlled waterborne releases from the RFP  Worldwide
fallout from atmospheric nuclear weapons testing may also have contributed to the plutonium in
the 1968-1969 sediment layer (Appendix D, Document D-5) The 1968-1969 peak detected 1n
the Battelle study also corresponds to a period of windborne releases from the 903 Pad, a former
drum storage area near the eastern end of the RFP controlled area (Figure 2-1) (DOE, 1991a)

Also 1n 1974, Colorado State Umiversity (CSU) conducted a study of plutonium 1n aquatic
systems of the RFP environs This study concluded that the clay fraction of RFP sediments has
an extremely high affimty for plutomum and, left undisturbed, provides an excellent retention
mechanism for plutonium 1n the aquatic system Laboratory studies related to this itnvestigation
showed that the adsorption of plutonium onto the sediments was rapid and essentially wrreversible
(CSU, 1974)

Results of studies conducted through 1974 were summanzed 1n a 1975 report by Dow Chemical
According to this report, the studies demonstrated that plutonium 1n surface water impoundments
1s not readily transported from the impoundments Consequently, the majonty of the plutonium
released through RFP surface waters was contained in the on-site holding ponds Plutonium
concentrations 1n Walnut Creek sediments increased downstream, suggesting downstream

mugration of plutonium released at an earher tme (Dow, 1975)

In 1979 and 1980, Rockwell International measured plutontum and amercium concentrations 1n

sediments on the Great Western Reservorr overflow spillway prior to removal and disposal of the
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sediments by the City of Broomfield Levels of plutonium-239, plutonium-240 and americium-
241 m spillway sediment samples were near regional atmospheric fallout background
concentrations  Plutonium concentrations averaged 0 04 pCy/g and peaked at 0 19 pCy/g 1n the
spillway sediments Plutonium and americtum concentrations 1n the spillway sediments varied
little with depth, supporting the conclusion that the sediments accumulated through a combination
of hillslope erosion, wave action and sediment mixing, rather than the continuous lacustrine

deposition typical of the reservorr bottom sediments (Appendix D, Documents D-7 and D-8)

In 1983, Rockwell International collected 48 sediment surface grab samples and four sediment
cores during an extensive Great Western Reservorr geochemical sampling project Duplicates
cores were collected at three locations for joint analysis by the City of Broomfield The results
of this study were not published 1n report form, but were summarized in public meetings
Maximum recorded plutonium concentrations 1n these cores were 5 4 pCi/g (Rockwell) and 4 9
pCy/g (Broomfield), occurring at depths of 17 in (43 cm) and 7 5 1n (19 cm), respectively The
study indicated that plutonum occurred 1n a discrete sediment honzon corresponding with
historical releases from the RFP, and that this horizon had been buried to varying depths by
subsequent sedimentation Sedimentation rates based on core samples were determined to vary
from >1 4 infyr (>3 5 cm/yr) 1n the eastern, deeper areas of the reservoir to <0 1 in/yr (<0 25
cm/yr) 1n the shallower areas (Appendix D, Document D-9) It was also concluded that no

evidence existed of plutonium migration through the sediment column (Rockwell, 1988b)

Numerous studies have focused on surface soil plutonium contamination east of the RFP (DOE,
1991a) Elevated plutonium concentrations have been measured in surface soils north, west, and
south of Great Western Reservorr as a result of windborne releases from the 903 Pad, a former
drum storage area within the RFP (Figure 2-1) The distribution of surface soil plutonmum
contarmunation around the reservorr suggests that windborne particulates have contributed to the

plutonium in Great Western Reservoir sediments
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2132 Reservorr and Drainage Water Quality

Surface water quality in North and South Walnut Creeks and in Great Western Reservoir has
been monitored since shortly after the RFP opened 1n 1951 (Rockwell, 1988a) Tap water 1s also
monitored for prospective RFP-denived contaminants in a number of mumcipalities around the
RFP, including the City of Broomfield, which 1s supplied by Great Western Reservorr In
addition, a number of historical studies have focused on potential impacts to Site 200 water

quality as a result of RFP releases

Histonical Studies

A 1973 EPA study concluded that dissolved plutomum concentrations in water samples from
Great Western Reservorr and Walnut Creek were less than atmospheric fallout-derived baseline
concentrattons of <003 picocunies per hter (pCyl) (<0001 Bg/l) Dissolved uranium
concentratons were less than the expected natural background of 25 micrograms per liter
(Appendix D, Document D-3)

An accidental release of tntium in 1973 from the RFP into Walnut Creek and Great Western
Reservoir was the focus of another EPA study EPA estimated that the release resulted in a total
commutted dose of 4 millirem (0 04 millisievert) to the average individual using the reservorr as
a source of dnnking water EPA found that this dose had minimal impact on public health and
did not recommend any mitigative actions (EPA, 1974) Trnitium concentrations in Great Western
Reservoir waters returned to approximately background levels by 1977 (Rockwell, 1988a)
Tritium 15 one of the radionuclides routinely monitored in RFP surface water effluents and nearby

public water supples (Dow et al, 1971-1989)

In 1974, Battelle conducted an investigation of radionuchide concentrations in reservoirs, streams
and domestic tap waters near the RFP  Plutonium-239, plutonium-240, and americium-241
concentrations 1n Great Western Reservorr and Walnut Creek water were slightly above the
expected atmospheric fallout background, which was not specifically quantified 1n this study
Concentrations of these three radionuchdes in Broomfield tap water were shghtly above the

detection limut of 4 5x10* pCi/1 (1 7x10° Bg/l) but were orders of magmitude lower than the EPA
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National Primary Drinking Water Regulation of 15 pCy/l (0 55 Bqg/l) for total long-lived alpha

activity (exclusive of radon and uramwum) (Appendix D, Document D-5)

A 1981 Rockwell International study statistically compared available gross alpha and plutonium
montoring data for Great Western Reservorr water and Broomfield tap water with plutonium and
gross alpha data for other regional water bodies and supplies All of the comparisons (with the
exception of those for Ralston Reservoir water, :n which very low plutonium concentrations
occurred) indicated that concentrations of plutomum and gross alpha in the regional waters did
not statistically differ from those 1n Great Western Reservoir water and Broomfield tap water
(Rockwell, 1981)

Water from Great Western Reservorr 1s filtered at the Broomfield water treatment plant The
filters are routinely backwashed into a settling lagoon at the plant Accumulated backwash
sludge 1s periodically removed from the lagoon and analyzed for a vamety of parameters,
including plutonium, prior to disposal Plutonium above background concentrations has not been
detected 1n the sludge 1n past analyses Filter sludge was last analyzed and removed from the
lagoon approximately five years ago (Broomfield, 1990) Filter sludge was also analyzed at the
Broomfield plant by the EPA (Appendix D, Document D-1) and Battelle (Appendix D,

Document D-5)

Routine Monitoring

Routne monitoring of surface water within and around the RFP, of all effluent streams leaving
the RFP, and of tap water in municipalities around the RFP has been conducted since shortly
after the RFP opened 1n 1951 Specific sampling and analytical protocols have varied throughout
the history of the surface water momtoring program Information regarding sample locations,
analytical protocols, analytical results, and comphiance with applicable state and federal water
quality standards has been summanzed since 1971 1n the REP monthly and annual environmental
monitoring reports (Dow et al,, 1971-1989) The surface water monitoring program is also

summarized 1n the RFP environmental impact statement (DOE, 1980)
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Water quality in Great Western Reservoir and off-site reaches of Walnut Creek 1s routinely

. monitored by the City of Broomfield and CDH Broomfield samples Walnut Creek at a location
immedately east of the RFP on a monthly basis and tests for eight volatile organic compounds
(VOCs) An automatic sampler at the same location collects a composite water sample each
week for gross alpha and gross beta analysis Weekly samples also are collected by Broomfield
from Walnut Creek below Great Western Reservoir and analyzed for gross alpha and gross beta
Water entering the Broomfield water treatment plant from the reservorr 1s monitored monthly for
eight VOCs Treated Broomfield tap water 1s also monitored weekly for gross alpha and gross
beta, and monthly for eight VOCs (CDH, 1989) CDH conducts quarterly sampling of Great
Western Reservorr for selected herbicides, pesticides, metals, base neutral acids (BNAs), and
radionuclides Broomfield water treatment plant influent from Great Western Reservorr 1s
analyzed weekly by CDH for selected radionuclides (CDH, 1990a)

The RFP, Broomfield, and CDH surface and tap water monitoring programs have produced a
large volume of data to assess the potential impacts from RFP releases on Site 200 surface water
quality The momtoring 1s conducted wn part to ensure that the RFP 1s in comphiance with

. applicable state and federal water quality standards Applicable standards have varied since the
opening of the RFP 1n 1951 Currently applicable standards for the RFP include

o The National Pollution Discharge Eimination System (NPDES) standards for the RFP,
first 1ssued 1in 1974, which limit nonradioactive discharges from the plant

o State dnnking water standards for radioactive contaminants i community water
systems, promulgated in 1977

» Colorado Water Quality Control Commussion (CWQCC) temporary water quality
standards for both radioactive and nonradioactive contamunants, which were adopted 1n
July 1989 for all tributaries to Great Western Reservorr from the RFP

Descriptions of these standards, and information about RFP compliance with the standards, are
contamned 1n the RFP monthly and annual environmental monitoring reports (Dow et al, 1971-
1989)
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22 STANDLEY LAKE (Site 201)

Site 201 encompasses Standley Lake, off-site reaches of Woman Creek (which flows 1nto the

reservorr from the RFP), and downstream surface water features possibly impacted by outflow
from the reservorr (Figure 2-1) Portions of Woman Creek within the boundaries of the RFP will
be investigated as RFP OU 5 and are not included 1n Site 201

221 Location and Description
Standley Lake 1s a large reservorr located approximately 2 mu (3 2 km) southeast of the RFP’s

eastern boundary (Figure 2-1) 1n Sections 16, 17, 20, 21, 22, and 28, T2S R69W Uses of the
reservorr include municipal water supply and recreation The reservoir has been owned by The
Farmers Reservorr and Irngation Company of Brighton, Colorado since 1ts construction between
1909-1919 Although the dam has undergone periodic maintenance and reconstruction, most
recently in 1978, Standley Lake’s present volume of 43,000 acre-feet (5,300 hectare-meters) has
remained relatively unchanged since its construction Approximately 67 percent of the reservoir
water 15 used as municipal water supply for the cities of Westminster, Northglenn and Thornton

The remaining 33 percent 1s transported through rmigation ditches to agricultural areas northeast
of the lake, pnimanly between Broomfield and Fort Lupton  Standley Lake receives
approximately 96 percent of 1ts water from Clear Creek via an 1mgation ditch, but 1s also fed by
Woman Creek (Figures 2-1 and 2-3), which drains the southern side of the RFP (Farmers, 1990)

A geologic characterization of Standley Lake was performed by Mineral Systems, Inc 1n 1982
to provide data for the enlargement of the dam and reservorr Bedrock outcrops at various
locations around the lake consist of claystone with interbedded sandstone lenses, probably of the
Arapahoe Formation These units dip gently to the northeast Overlying the bedrock are surficial
deposits averaging 15-20 ft (5-7 m) thick, consisting of a senies of alluwial terraces, colluvium,
and munor other deposits No faults have been identified 1n the area (Hydro-Triad, 1982)
Although other site-specific information concerning Standley Lake geology and ground water
hydrology are lacking, 1t 1s expected that conditions in the immedzate vicinty of the reservorr are

simular to those described 1n Section 2 1 2 1 for Great Western Reservorr
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Within the RFP boundary, the Woman Creek drainage contains the two C-series holding ponds,
Ponds C-1 and C-2 (south and east of the main production area, respectively) (Figures 2-1 and
2-2) Pond C-1 receives flow from Woman Creek This flow 1s diverted around Pond C-2 and
back into the Woman Creek channel downstream of Pond C-2 Pond C-2 receives surface runoff
from the South Interceptor Ditch which collects surface runoff from the southern half of the RFP
main production area (Rockwell, 1988a) The South Interceptor Ditch runs along the south
(downgradient) side of the main production area, between the controlled area and Woman Creek
(Figure 2-2) Pond C-2 water formerly was discharged into Woman Creek 1n accordance with
the NPDES permut for the RFP More recently, water was pumped from Pond C-2 into a
treatment facility, then through an aboveground pipeline to the Broomfield Diversion Ditch,
where 1t was discharged 1n accordance with an amended NPDES permut and an agreement with
the City of Broomfield This discharge agreement expired at the end of 1990, and no water has
been discharged from Pond C-2 since this time The DOE has recently examined the possibihity
of discharging Pond C-2 water to Mower Reservorr (see Section 23 1) These surface water
controls within the RFP allow the RFP to effectively prevent runoff from the RFP main
production facility (the controlled area shown in Figure 2-1) from reaching Standley Lake

2 22 Environmental Investigations

Radioactive matenals released from the RFP may have been transported to Standley Lake through
surface water (primanly in suspended sediments) and/or airborne particulates (fugitive dust)
Between 1952 and 1973, the RFP discharged water treatment facility filter backwash into
Pond C-1, which discharges into Woman Creek (Rockwell, 1988b) At present, only buffer zone
surface runoff and natural ground water seepage flow into the Woman Creek drainage withing

the RFP boundary (Dow et al, 1971-1989)

The following sections present chronological summaries of environmental studies conducted to
date of Site 201 Analytical results from these studies are summanzed in Table 22 Many of
the studies conducted at Great Western Reservorr (Section 2 1 3) also included Standley Lake
Reports associated with these studies are incorporated by reference to the documents 1n Appendix

D and to the bibliography 1n Section 6 0
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TABLE 2.2

STANDLEY LAKE PLUTONIUM ANALYTICAL DATA

—

Data Source

"Radioacuvity Levels n the Environs of the
Rocky Flats Plutonium Plant, Golden, Colorado,

Range (pCi/g or 1)

Surf Sed* 004-005

0045

Number of
Data Points

1970," Apnl 1971, by EPA (Appendix D, Waterr <002 <002 1
Document D-1)
"Radioactivaty Levels 1n the Environs of the Surf Sed. 005-021 013 2
Rocky Flats Plutonium Plant, Colorado, 1970,
Part I1," December 1973, by EPA (Appendix D, | Sed Core 0 09-037 019 2
Document D-2)

Waterr <002 <002 1
"Plutonium Levels in the Sediment of Area Surf Sed. <002-017 007 17
Impoundments Environs of the Rocky Flats
Plutomum Plant - Colorado," February 1975, by | Sed Core <003-016 007 8
EPA (Appendix D, Document D-3)
"Survey of Reservorr Seduments,” August 1974, | Surf Sed. 013-316 13 6
by Dow Chemical (Appendix D, Document D-
4y Sed Core 000007-0109 } 0016 8
"Radionuclide Concentrations mn Reservoms, Surf Sed. 015-029 022 3
Streams and Domestic Waters Near the Rocky
Flats Installauon,” April 1981, by Battelle PNL Waterr 00015 00015 1
(Appendix D, Document D-5)°
"Time Pattern of Off-site Plutomtum Sed Core 003-056 015 2
Contamination from Rocky Flats Plant by Lake
Sediment Analyses,” July 1978, by DOE
(Appendix D, Document D-6)
"Standley Lake Sediment Sample Collection Surf Sed. ND*0 55 004 63

Summary," September 1984, by Rockwell
International (Appendix D, Document D-10)

Sed Core  0052-061 012 2

1 Surface sediment grab sample--typically represents upper 5 cm of sediments

2 Results are for samples collected 1n 1973 by EPA and split with DOE  Surface sediment grabs analyzed by

Rocky Flats laboratory, sediment cores analyzed by Battelle Pacific Northwest Laboratory and Lawrence
Livermore National Laboratory Reported values from Rocky Flats laboratory are much hugher than those
recorded 1n other Standley Lake sampling programs Very low confidence 1n these values

3 Collected numerous water and sediment samples in which plutonium concentrations were not measured

4 ND = below Rocky Flats laboratory detection limut of 0 002 pCy/g
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2221 Reservoir and Drainage Sediments
The EPA collected four surface grab samples and two cores of bottom sediments from Standley

Lake 1n 1970 The results indicated possible plutonium contamination above the estimated <0 1
pCi/g (0 0037 Bg/g) baseline concentration (worldwide atmosphere fallout) 1n the deeper areas
of the reservoir EPA concluded that elevated plutonium in Standley Lake resulted from
unspecified releases from the RFP, and speculated that these releases occurred from surface water
erosion and transport of plutonmum-contamnated soi1l (Appendix D, Documents D-1 and D-2)

EPA resumed their investigation of plutomum 1n surface water sediments east of the RFP 1n
1973 Analysis of seventeen surface grab samples and eight cores of Standley Lake sediments
yielded plutonium concentrations above estimated baseline concentrations in only two of the
surface grab samples Plutonium concentrations in the cores taken at the locations of these grab
samples were simular to baseline concentrations (< 01 pCy/g) EPA believed the cores to be
more representative of actual conditions at the two locations, and concluded that the collective
sampling effort did not indicate any discernable plutonium contamination in Standley Lake
sediments attributable to RFP releases (Appendix D, Document D-3)

During a 1974 investigation of radionuchdes 1n the sediments of reservoirs and streams near the
RFP, Battelle Pacific Northwest Laboratories collected eight surface sediment grab samples and
a single sediment core from Standley Lake Several samples contained plutonium above EPA
estumated baseline levels of <01 pCy/g (00037 Bg/g) Based upon the single core sample,
Battelle extrapolated total plutonium and americium 1nventories for Standley Lake sediments at
60 and 18 mCi (2 2 and 0 7 GBq/g), respectively The core also suggested that cesium-137 levels
in Standley Lake sediments were typical of atmospheric fallout baseline levels The Battelle
study did not attempt to define the historical source of Standley Lake plutomum contanmnation
(Appendix D, Document D-5)

Separate studies of plutonium 1n the surface water systems 1n the vicimty of the RFP concluded
that (1) plutonium rapidly and almost irreversibly attaches 1itself to clay sediments (CSU, 1974),

and, (2) plutonium 1n surface water impoundments does not move very far or very rapidly
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through subsurface waters, meaning that the majonity of the plutonium released through RFP

surface waters was contained 1n the on-site holding ponds (Dow, 1975)

The DOE collected two sediment cores from Standley Lake in August 1976, and determined
through correlation of peak radionuchde concentrations in the longer core that 1t represented
approximately fourteen years of sedimentation (1962-1976) This dating enabled DOE to
calculate an average sedimentation rate for the core location of 13 mn/yr (3 4 cm/yr), and to
conclude that plutontum concentrations 1n the core location exceeded baseline levels since 1966,
peaked in 1969, and dechined after 1969 The report atmbuted 70 percent of the plutonum 1n
Standley Lake to releases from the RFP and speculated that this plutonium was transported both
by airborne particulates and by soil erosion within the lake drainage basin (1e surface water)
The time correlation of plutonium deposition n the core corresponded with the known penod of
windborne plutonium release from the 903 Pad at the RFP (Figure 2-1) (Appendix D,

Document D-6)

Rockwell International conducted an extensive sediment sampling program at Standley Lake 1n
1984 to evaluate sediment plutonium concentrations and to compare the results with previous
work A total of 63 surface sediment grab samples and four sediment cores were collected by
Rockwell, of which seven grab samples and two cores were collected jointly with the City of
Westmunster The results of this study were not published in report form, but were summarnized
in public meetings A maximum concentration of 0 61 pCy/g (0 02 Bq/g) was detected at a depth
of 63-7 1 1n (16-18 cm) 1n one core The maximum plutonium concentration measured 1n the
surface sediment grab samples, which potentially represented a sediment depth of several inches,

was 055 pCy/g (0 018 Bq/g) (Appendix D, Document D-10)

In 1989, the CDH analyzed various species of fish collected from Standley Lake to determine
if they were safe for human consumption The fish were analyzed for selected metals,
radionuchides (including plutonium-239, plutonium-240, and cesium-137), and priority organic
pollutants No radionuclides were detected 1n the fish, however, low concentrations of cadmium,
mercury, selenum, and the pesticides DDT, DDE, DDD, and malathion were detected in some

or all species The report stated that the source(s) of these contamnants was indeterminate, but
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that none of the contamnants detected were unique to the RFP It was concluded that the
contamunants may have oniginated from a variety of sources 1n the watershed, including water
diverted from Clear Creek, which contributes 96 percent of the influent to Standley Lake
(Appendix D, Document D-11)

2222 Reservorr and Drainage Water Quality

The quality of surface water :n Woman Creek and Standley Lake has been monitored since
shortly after the RFP opened 1n 1951 Tap water 1s also monitored for prospective RFP-derived
contamnants 1n a number of municipalities around the RFP, including the cities of Westmunster,
Thornton, and Northglenn, which are supplied by Standley Lake In addition, several historical
studies have focused on potential impacts to Standley Lake water quality as a result of RFP

releases

Historical Studies

A 1973 study by the EPA concluded that dissolved plutonium concentrations 1n water samples
from Standley Lake were less than atmospheric fallout-denved baseline concentrations of <0 03
pCyl (0001 Bg/l) Dissolved uramum concentrations were less than the expected natural
background of 2 5 micrograms per liter (Appendix D, Document D-3)

Battelle Pacific Northwest Laboratories analyzed Standley Lake water as part of therr
investigation of racionuchde concentrations in reservours, streams and domestic waters near the
RFP Plutomum-239, plutontum-240, and americium-241 concentrations 1n Standley Lake water
were above the expected atmospheric fallout background, which was not specifically quantified
1n this study, but were orders of magnitude lower than the EPA National Primary Drinking Water
Regulation of 15 pCy/l (0 55 Bqg/l) for total long-lived alpha activity (exclusive of radon and
urantum) Concentrations of these three radionuchdes were below detection himuts of 4 5x10*

pC1 (1 7x10° Bq/l) in Westminster tap water (Appendix D, Document D-5)
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Filtration of Standley Lake influent occurs at the Northglenn, Thornton, and Westmunster water
treatment plants Discussions with personnel at each of these facihties indicate that filter
backwash sludge 1s not and has not previously been analyzed for plutonum or gross alpha

activity

Routine Monitoring

Routine monitoring of surface water within and around the RFP, of all effluent streams leaving
the RFP, and of tap water in municipalities around the RFP has been conducted since shortly
after the RFP opened 1n 1951 Specific sampling and analytical protocols have varied throughout
the history of the surface water momtoring program Information regarding sample locations,
analytical protocols, analytical results, and compliance with applicable state and federal water
quality standards has been summarized since 1971 1n the RFP monthly and annual environmental
monitoring reports (Dow et al, 1971-1989) The surface water monitoring program 1s also

summarnzed 1n the RFP environmental impact statement (DOE, 1980)

The cities of Northglenn, Thornton, and Westminster each monitor raw water influent from
Standley Lake at their respective water treatment plants for VOCs, gross alpha and gross beta
Westmunster also monitors treated (tap) water for gross alpha and gross beta Woman Creek 1s
sampled immediately east of the RFP boundary once each month by the City of Thornton and
analyzed for 59 VOCs Another location along Woman Creek 1s sampled weekly for gross alpha
and gross beta analysis Standley Lake water 1s sampled monthly near the Westmunster treatment
plant 1nlet and analyzed for 59 VOCs Water 1s also sampled monthly near the Standley Lake
dam at six different depths and analyzed for gross alpha and gross beta (CDH, 1989) CDH
conducts quarterly sampling of Standley Lake for analyses of selected herbicides, pesticides,
metals, BNAs, and radionuchides Westmunster water treatment plant influent from Standley Lake
18 analyzed weekly by CDH for selected radionuchides (CDH, 1990a)

The surface and tap water monitoring programs conducted by RFP, CDH, and the cities supplied
by Standley Lake have produced a large volume of data to assess the potential impacts from RFP
releases on Site 201 surface water quality The monitoring 1s conducted 1n part to ensure that

the RFP 1s 1n comphance with applicable state and federal water qualty standards Applicable
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standards have varied since the opening of the RFP 1n 1951 Currently applicable standards for
the RFP include

 NPDES standards for the RFP, first issued in 1974, which limit nonradioactive
discharges from the plant

+ State drinking water standards for radioactive contamuinants in community water
systems, promulgated 1n 1977

» CWQCC temporary water quality standards for both radioactive and nonradioactive
contamunants, which were adopted 1n July 1989 for all tributaries to Great Western
Reservorr from the RFP

Descriptions of these standards, and information about RFP compliance with the standards, are
contained 1n the RFP monthly and annual environmental monitoring reports (Dow et al, 1971-

1989)

23 MOWER RESERVOIR (Site 202)

Site 202 encompasses Mower Reservorr, off-site reaches of the imgation ditch which feeds the

reservorr from Woman Creek, and downstream surface water features possibly impacted by
outflow from the reservoir (Figure 2-1) Portions of this irnigation ditch within the boundaries
of the RFP are part of RFP OU 6 and are not included 1n Site 202

231 Location and Description
Very little documentation exists for Mower Reservorr, a small, privately-owned impoundment

located just southeast of the RFP 1n Section 18, T2S R69W The reservorr 1s fed by Woman
Creek via Mower Ditch, an irmigation ditch that oniginates within the RFP boundary (Figure 2-3)
Mower Reservoir 1s used for agricultural purposes, primarily cattle watering and wrrigation, and
fluctuates 1n capacity depending upon water supply and demand It covers an area of
approximately 9 acres (3 6 hectares) and 1s roughly 50 ft (15 m) deep at its deepest pont
(Personal communication, 1990) Outflow from Mower Reservorr flows southeast from the
reservorr, eventually discharging to Standley Lake (Figure 2-3) Mower Reservorr 1s located on
land which was the subject of a lawsuit against the RFP by several landowners, alleging

contamunation of the land surface by releases from the plant (DOE, 1991a)
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No site-specific information 1s available for geologic and groundwater conditions at Mower
Reservorr The ground water hydrogeological setting at Mower Reservorr 1s expected to be
stmilar to that described for Great Western Reservorr (Section 2 1 3 1), while surface water
pathways from the RFP to Mower Reservoir are similar to those described for Standley Lake
(Section 22 1)

The DOE recently examined the possibility of discharging water from RFP holding Pond C-2 to
Mower Reservoir via Woman Creek and Mower Ditch (Figure 2-3) The following conditions

would have to be met 1n order to discharge Pond C-2 water to Mower Reservorr

s All site-specific CWQCC discharge standards would have to be met by the RFP (see
Section 2222)

s Permussion would have to be obtained from the owner of Mower Reservorr

s Assurance would have to be obtained from the reservoir owner that the water would be
used only for agricultural purposes

2 32 Environmental Investigations

In contrast to the extensive historical sampling data available for Great Western Reservoir and
Standley Lake, only very limited data have been collected to characterize Mower Reservoir
Because the reservorr 1s not a public water supply, 1ts water quality 1s not monitored and has not
previously been evaluated RFP-derived contaminants in Mower Reservorr are believed to have
been transported primanly as airborne particulates, and to a lesser degree by surface water
through the Woman Creek drainage, which may have contributed to plutontum concentrations 1n
Standley Lake sediments (see Section 22 2) It can be inferred that contaminant concentrations
resulting from releases into Woman Creek would be similar for Mower Reservorr and Standley
Lake, while concentrations resulting from awrborne releases, and from erosion and transport of

contaminated soils by surface runoff, would be similar for Mower Reservoir and Great Western

Reservorr

Mower Reservorr sediments were sampled 1in 1970 duning EPA’s imitial study of radioactive
contarmnation 1n the aquatic environs of the RFP A total of four surface sediment grab samples

were collected Plutonium concentrations 1n these samples ranged from 009-0 18 pCi/g and
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averaged 0 14 pCy/g, slightly exceeding EPA’s estimated baseline concentration of < 0 1 pCy/g
(Appendix D, Documents D-1 and D-2) No further characterization of Mower Reservoir

contamination has been conducted since this 1970 sampling effort

Numerous investigations have focused on elevated plutonium concentrations in surface soils
around Mower Reservoir (DOE, 1991a) These studies have concluded that the pnimary source
of the plutonium was windborne particulates from the 903 Pad (Figure 2-1) It 1s expected that
Mower Reservorr received similar amounts of plutonium through arrborne transport as the nearby

land surface

24 OTHER RELEVANT STUDIES

Several proposed or ongoing nvestigations within the boundaries of the RFP may produce data

which 1s relevant to the OU 3 reservorrs  Although investigations at on-site OUs have progressed
to varying stages of completion, most are in the initial assessment stage Investigations of
Woman Creek (OU 5) and Walnut Creek (OU 6) will help to determune the extent to which these
drainages were pathways for off-site contamination which mught eventually have reached
Standley Lake and Great Western Reservorr Studies of surface soil contamination 1n the eastern
part of the RFP as part of the ongomng investigation of the 903 Pad and associated on-site
contamunation (RFP OU 2) may elucidate the role of wind 1n transporting contamnants to the

OU 3 reservorrs, particularly Mower Reservorr

In 1988, the Colorado School of Mines (CSM) presented a proposal to the RFP to study
radionuchdes 1n the sediments of Colorado Front Range lakes which had not been affected by
releases from the plant (CSM, 1988) As a result of this proposal, a study was conducted for the
RFP by CSM of Halligen Reservoir and Wellington Lake, located north of Fort Collins, Colorado
and southeast of Bailey, Colorado, respectively The objectives were to more firmly establish
baseline radionuclide concentrations due to atmospheric fallout so that "excessive" values could
be operationally defined, to compare sedimentation rates for the "background" reservoirs with
those for reservoirs near the RFP, and to determine whether radionuclides were subject to any
post-depositional bioturbation The study determuned that plutonium concentrations in the
sediments of the two reservoirs peaked at 0 19 +0 02 pCy/g (0 007 +0 00074 Bqg/g), and proposed
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this value as a baseline concentraton for plutontum in Colorado Front Range reservoirs (CSM,
1990) This level 1s somewhat higher than EPA’s estimated plutonium baseline concentration of
<01 pCy/g (00037 Bq/g) The CSM study was presented to the RFP 1n May 1990, and has not
yet been formally reviewed by the RFP or published for the scientific community outside the
RFP

25 SITE DEMOGRAPHICS

The population, economucs, and land use of the areas surrounding the RFP are described 1n a
1989 Rocky Flats vicimity demographics report by DOE (DOE, 1n press) This report divides
general use of areas within zero to 10 m1 (zero to 16 km) of the RFP into residential,
commercial, industrial, parks and open spaces, agncultural and vacant, and institutional

classifications, and considers current and future land use near the plant

251 Current Use

The majority of residential use within five m (eight km) of the RFP 1s located immediately north
and southwest of Standley Lake Single (unincorporated) residents are located 1n the vicimty of
Great Western Reservorr and Mower Reservoir  Figure 2-4 shows the 1989 population
distribution within areas up to five mmles from the RFP Commercial development 1s
concentrated near the residential developments north and southwest of Standley Lake, and around
the Jefferson County Aurport approximately 15 mu (24 km) northeast of Great Western
Reservorr Industrial land use within five mi (eight km) of the plant 1s limuted to quarrying and
mining operations Open Space lands are located northeast of Great Western Reservorr, near the
city of Broomfield, and 1n small parcels adjoining major drainages and small neighborhood parks
n the citnes of Westminster and Arvada Standley Lake 1s surrounded by Standley Lake Park
Irngated and nonurnigated cropland, producing primarily wheat and barley, are located northeast
of the RFP near the cities of Broomfield, Lafayette, and Louisville, north of the RFP near
Louisville and Boulder, and 1n scattered parcels adjacent to Mower Reservorr and Great Western
Reservoir Several horse operations and small hay fields are located west of Standley Lake The

demographics report characterizes much of the vacant land adjacent to the RFP and the reservoirs

as rangeland (DOE, 1n press)
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Included within Site 199 of RFP OU3 are two contiguous parcels of land totaling 350 acres (142
hectares) which were determined to contain plutonum 1n soil n excess of a CDH special
construction requirements standard of 0 9 pCi/g (0 03 Bq/g) (DOE, 1991a) The parcels of land
are directly south of Great Western Reservoir and west/northwest of Mower Reservorr, and are
owned by the City of Broomfield and Jefferson County, respectively These lands were part of
a larger area adjacent to the RFP which was the subject of a lawsuit by landowners against the
United States between 1975-1985 The lawsuit settlement agreement required that the RFP
remediate the Broomfield and Jefferson County acreage To date, soil plutonium concentrations
have been reduced to below the remedial action target level of 09 pCi/g on 120 acres (48
hectares) of the Jefferson County acreage adjacent to Mower Reservorr Concentrations on the
remaining 120 acres of Jefferson County land, and on the 100 acres of Broomfield land south of
Great Western Reservoir, may still exceed 09 pCi/g  The Jefferson County land was dedicated
to the county Open Space program Rather than allow immediate use of the land as Open Space,
the county has chosen to prevent public access to this land until remedial activities are completed
The Broomfield land serves as part of a buffer zone around Great Western Reservorr, and 1s also

excluded from public access (DOE, 1991a)

252 Future Use

Future land use 1n the vicinity of Sites 200-202 most likely involves continued suburban
expansion, increasing the density of residential, commercial, and perhaps industnal land use mn
the areas The expected trend 1n population growth 1n the vicinity of the RFP 1s addressed 1n the
DOE demographics study (DOE, in press) This report considers expected variations in
population density by comparing the current (1989) setting to population projections for the years
2000 and 2010 A 21-year profile of projected population growth 1n the vicinity of the RFP can
thus be examined The DOE projections are based primarily upon long-term population

projections developed by the Denver Regional Council of Governments (DRCOG)
Expected population density and distribution around the RFP for the years 2000 and 2010 are

shown 1n Figures 2-5 and 2-6, respectively Table 2 3 summarizes the population data presented

in Figures 2-4, 2-5, and 2-6 Sectors 3, 4, and 5 depicted 1n these figures are relevant to the nisk
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TABLE 2.3

CURRENT AND PROJECTED POPULATION IN THE
VICINITY OF THE ROCKY FLATS PLANT

RFPapr200 r

Segment
F
Year: 1989
1 0 0 0
2 0 0 0
3 5 13 0 0 17 35
4 0 22 0f 283 46 50 215 616
5 300 13 25| 3,671 477 578 2,355 7,419
SUM 305 48 25| 3,954 523 645) 2,570{ 8,070
| Year: 2000 |
1 0 0 0
2 0 0 0
3 5 13 0 0 17 35
4 0] 214 7] 472 96 50 630 1,469
5 1,289 566 25| 4,372 542 1,259 6,45_7_= 14,510
SUM | 1,294 793 32{ 4,844 638| 1,326 7,087 16,014
Year: 2010
1 0 0 0 0
2 0 0 0 0
3 5 13 0 0 17 0 35
4 0] 389 14| 644 142 50 1,007| 2,246
* 5 2,189| 1,069 25f 5,009 601] 1,879| 10,186 20,958
[ sum [ 2194] 1an]|  39] s,es3] 743 1.946] 11,193] 23239
Source DOE (in press)
37
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assessment presented in Section 4 0, while sectors 1 and 2 represent property within the RFP
boundary In addition, only radial Sectors B through H are considered relevant to Sites 200-202

It 1s concluded 1n Section 4 0 that windborne particulates from exposed sediments 1s the most

significant potential exposure pathway from the reservoirs which can affect human receptors

The projected population growth 1n the next 20 years in areas typically downwind of the
reservoirs (primarily Standley Lake) may increase the number of potential receptors from the
airborne pathway with the exception of one study in which the RFP measured higher
concentrations 1n samples split with EPA (Appendix D, Document D-4) It 1s repeated here that,
with the exception of a study in which the RFP laboratory measured much higher plutomium
concentrations 1n sample sphts than did EPA (Appendix D, Document D-4), the peak plutomum
concentration measured 1n Standley Lake sediments in past studies 1s 0 61 pCi/g (Table 2 2)
This peak was found 1n the deeper water area of the reservorr (1, not prone to exposure and
entrainment by wind), and the sediments containing the higher concentrations have been buried
by subsequent sedimentation Even if these sediments were somehow exposed to aiwrborne
entrainment, the peak concentrations are believed to be less than the CDH special construction
requirements standard for plutonium 1n soil of 09 pCi/g, which was promulgated to protect
potential receptors against airborne exposure This topic 18 addressed 1n more detail 1n Section
4 0 Extensive routine water quality monitoring of Standley Lake, Great Western Reservorr, and
municipal tap waters denved from these reservours indicates that plutonium in the reservowr
sediments has had no measurable impact on water quality, meaning that probable increases in the

populations supplied by the reservoirs will not constitute an increase in potential receptors via

the ingestion pathway

It 1s assumed 1n Section 4 0 that the present use of Sites 200-202 will remain unchanged 1n the

foreseeable future

RFPapr200r 38 061291



3.0 CONCEPTUAL MODEL OF CONTAMINANT FATE AND MOBILITY

Uulizing the information obtamned in past studies (Section 2.0), a conceptual model of
contaminant transport and exposure pathways for Sites 200-202 1s presented here for use 1n the
evaluation of the potential risks of reservoir contamination to human health.

The primary purpose of the conceptual model 1s to aid 1n 1dentfying exposure pathways by
which populations may be exposed to contaminants from a site The EPA defines an exposure
pathway as " a unique mechanism by which a population may be exposed to the chemucals at
or onginating from the site " (EPA, 1989) As shown in Figure 3-1, an exposure pathway must
include a contaminant source, a release mechanism, a transport medium, an exposure route, and

a receptor An exposure pathway 1s not complete without each of these five components

The general conceptual model for Sites 200-202 18 shown 1n Figure 3-2 Figure 3-2 identifies
potential components of completed exposure pathways for the reservoirs and potental interactions
between each component The individual components of the exposure pathway are defined as

follows.

o Contamunant Source: For purposes of this conceptual model, the contaminant source
18 the sediment and water of the reservoirs and their influent and effluent drainages
(hmated to off-site reaches of drainages flowing from the RFP) A distinction 1s made
between dry and saturated sediments 1n the model because potenual exposure pathways
differ significantly for dry and saturated sediments Because some contaminants at Sites
200-202 have been traced to past releases from the RFP, the plant 1s shown 1in the
model as a historical contaminant source to the reservours and drainages

o Release Mechanism® Release mechanisms are physical and/or chemical processes by
which contaminants are released from the source. The conceptual model identfies
mechamisms which release contaminants directly from the source and those which
release contaminants from transport media (1e, secondary release mechanisms)
Numerous potential release mechanisms and secondary release mechamsms exist for
Sites 200-202, as shown 1n Figure 3-2

o Transport Medium Transport media are the media into which contaminants are
released from the source and from which the contaminants are in turn released to a
receptor (or to another medium by a secondary release mechamsm) Potential transport
medsa for Sites 200-202 include air, surface water, ground water, and biota (both flora
and fauna)
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» Exposure Route Exposure routes are avenues through which contaminants are
physiologically incorporated by a receptor. Exposure routes for receptors at Sites 200-
202 are nhalation, ingestion, and dermal contact.

* Receptor: For purposes of this conceptual model, receptors are limited to human
populanons Human receptors for Sites 200-202 include nearby residents and visitors
to the sites.

The conceptual model provides a contaminant source characterization and an overview of all the
potental exposure pathways that may result from releases from and/or into each transport
medium. Some of these pathways have a higher potential for occurrence than others Sigmficant
exposure pathways which are common to each reservoir are identified in this section by
evaluating the fate and mobility of the contaminant in each potential source and transport medium
that 1s included 1n the conceptual model. Reservoir-specific exposure pathway 1ssues are then
discussed 1n Section 40 Exposure routes and receptors, which are also components of a
completed exposure pathway, are addressed in Section 4 0

The various elements of the conceptual model are explained 1n the following sections.

31 CONTAMINANT SOURCE
Contamunant fate and mobility in the waters and sediments that constitute the primary

contamunant source media at Sites 200-202 depend on the physical and chemical properties of

the source media and the contaminant

311 Contaminant Charactenistics
As discussed 1n Sections 2 1.3, 22 2, and 2 3 2, reservorr sediments at Sites 200-202 have been

shown to contain plutonmium 1n excess of expected background concentrations (as measured 1n
Colorado Front Range reservoirs remote from the RFP) Concentratons of beryllium and of
selected radionuchides other than plutonium (including americium) have also been charactenized
1n these sediments, although to a much lesser extent than plutomum (Appendix D, Documents
D-1, D-3, D-4, D-5, D-6, D-7, and D-8) Americium has been measured in past studies above
expected background concentrations in Great Western Reservorr and Standley Lake sediments
(Appendix D, Document D-5), and can be expected to occur in the sediments as a result of
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plutomium decay, however, sufficient amencium data to perform even a qualitative human health
nisk assessment for Sites 200-202 are lacking None of the available data for plutonium or other
potential contaminants from past reservorr studies meet the criteria established by EPA for
performing a risk assessment (EPA, 1990a, see Appendix A) For these reasons, and because
plutonium concentrations 1n the reservorr sediments have been well defined from a site
charactenization standpoint (Appendix D, Documents D-1 through D-10), plutonium 1s the only
contamunant considered for purposes of the qualitative risk assessment (Section 4 0), and 1s the
only contaminant addressed 1n the following detailed contarmnant characterizanon Reservorr and
stream waters 1n Sites 200 and 201 are routinely momtored for a vanety of radioactive and
nonradioactive contarmnants, and have also been analyzed for plutomum and other selected
radionuchides 1n several past sampling programs (Secions 2132 and 223 2) These monitoring
data will be reviewed during evaluation of other potential contaminants of concern under
scheduled RFI/RI activities at Sites 200-202.

There are 15 known 1sotopes of plutonium that decay into other elements at different rates (half-
lives range from hours to 387,000 years) (Ames and Rai, 1978) At the typical temperature, pH,
and Eh ranges of environmental concern, plutonium will exist largely as either plutonium dioxide
(PuO,) or, 1n aqueous environments, as a sohd hydroxide (Brookins, 1984) The pH of natural
environments (e g., meteoric waters, ground water, and freshwater sediments) typically ranges
from 4-9, while environmental Eh can be expected to range from +800 to -200 (Brownlow,
1979) The solubility product constant of plutonium hydroxide has been reported as 7x10°%,
indicating virtual mnsolubility in water (Taube, 1964) Plutonium hydroxide typically adsorbs
(attaches) tightly to particulate matter by electrostatic attraction. The majonty of plutonmum
occurring 1n aqueous environments will be adsorbed onto suspended solids in the water, which
settle out 1n impoundments such as Sites 200-202 to form bottom sediments. Although the
presence 1n the environment of complexing agents such as humic acid may cause increased
solubilization of plutonium, solubilization will be mimmal under the conditions generally found
1n the natural environment and plutonium will remain associated with the sohid phase (EPA,
1990b)
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Based upon the conceptualization of plutomium chemustry in the environment presented above,
nearly all of the plutomum 1n Sites 200-202 13 expected to be adsorbed to clay in bottom
sediments Studies cited 1n Sections 2 1 3 and 2 2 2 have indicated that the plutonium n Great
Western Reservorr and Standley Lake occurs 1n distinct sediment horizons 1n each reservorr The

highest plutonium concentrations appear to exist in the deepest areas of the reservoirs

Verucal profiles of the plutonum-bearing horizons developed from sediment cores have also
shown that the hornzons in each reservorr have been buried to varying depths by subsequent
sedimentation. The four cores collected during the most recent Great Western Reservorr study,
by Rockwell International 1n 1983 (Appendix D, Document D-9) showed between 3-9 1n (7 5-23
cm) of sediment overlying the plutonium-bearing layer The depth of bunal in two cores
collected 1n 1984 by Rockwell International from Standley Lake (Appendix D, Document D-10)
ranged from 6 3-8 7 in (16-22 cm) These cores were collected from deeper arcas of the
reservoirs, where greater sedimentation rates occur and the highest plutonium concentrations have
been found to exist. Based on calculated sedimentation rates for the reservoirs, which range from
0 1 1n/yr (0 25 cm/yr) 1n shallow, near-shore areas to 1 4 in/yr (3 6 cm/yr) 1n deeper areas, 1t can
be inferred that the plutomum-bearing horizons 1n each reservoir potentially have been covered
by an additional 0 7 1n (1 8 cm) of sediment 1n shallow areas and an additional 9 8 1n (25 cm)
of sediment in decper areas in the approximately seven years since the Rockwell International

studies were conducted.

312 Sediment and Water Charactenistics
In stagnant impoundments such as holding ponds and reservours, suspended solids gradually settle

out of water to form bottom sediments It has been shown that clay-rich sediments, such as those
1n Sites 200-202, have an extremely high affinity for plutonium, effectively immobilizang 1t 1n
the sediment (CSU, 1974). Whle 1t 1s possible that elevated concentrations of complexing agents
combined with a relatively high percolation rate through the sediments might mobilize the
plutonium, no evidence of plutonium migration in the sediments has been detected (DOE, 1980)

Surface water typically 1s charactenized by oxidizing condinons Density stranfication of lake

waters in summer, however, can result in a reducing environment in deeper water Under
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reducing conditions, the distribution coefficient of plutonium, which 1s the ratio of concentrations
in soil (or sediment) to concentrations 1n water, may be three- to ten-fold lower than under
typical reservorr conditions, meaming that plutonium mobility may increase shghtly The
magmtude of this increase 1s not significant, however, 1n terms of overall plutonilum mobihity
(ANL, 1986)

32 RELEASE MECHANISMS AND TRANSPORT MEDIA

As shown 1n Figure 3-2, potential release mechamisms and transport media can combine 1n a
variety of ways to transport contamination from the reservous to human and other biotic
receptors These release mechamsms and transport media are potential, and their identification
1s not meant to imply that they will occur or be sigmficant at the reservoirs The contaminant
source charactenzed 1n the preceding section 1s a semi-consohidated mass buried in the sediment
of each reservorr, and 1s 1n fact not expected to be readily available for release into the
environment by any of the mechamisms described below Probabihties of occurrence are

discussed 1n Section 4 0

321 Plutomum Fate and Mobility 1n Surface Water
There are five oxidation states of plutonium (Pu) 1n aqueous solutions: Pu(IIl), Pu(IV), Pu(V),

Pu(VI), and Pu(VII). As discussed 1n Section 3 1 1, the Pu(IV) oxidation state (1., plutonium
hydroxide) 1s the most stable under the oxidizing and near-neutral conditions typical of surface
water (DOE, 1991b)

Plutonium hydroxide 1s extremely insoluble in water, but can nonetheless undergo very hmited
dissolution 1n the pH range of environmental interest The solid phase of plutonium hydroxide
18 a colloidal polymer of neutral or positive charge. Pu(V) and Pu(VI) can coexist as 1ons with
the polymer (DOE, 1991b). Such colloids can contamn from 10%-10" atoms of plutomum
(Andelman and Rozzell, 1970) Increasing pH tends to reduce the charge density of the polymer,
and at pH>9, 1t 15 expected that the colloids become negatively charged, decreasing therr affinity
for particulates and thus increasing their mobility 1n surface water (Roxburgh, 1987, DOE,
1991b) Plutonium solubility and subsequent mobility may also increase in the presence of
dissolved organic matter, carbonate, fluondes, nitrates, chlondes, or other complexing agents n
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the water (Allard and Rydberg, 1983) There is no evidence, however, that this process is
occurring in the reservoirs The depths at which concentrations of plutonium decrease to
background levels in the sediment columns of Standley Lake and Great Western Reservoir have
remained constant in the periods between studies conducted to date when subsequent
sedimentation 1s taken into account (see Appendix D)

Resuspension of plutomum from bottom sediments 1s possible by processes which disturb the
sediments (e g, burrowing orgamsms, high runoff, or wave action in shallow areas) The
resuspended sediments will eventually settle back out, and again become part of the bottom

sediments

322 Plutomum Fate and Mobility 1n Awr
As 1ndicated 1n Figure 3-2, exposed sediments in near-shore areas of the reservorr may be

susceptible to resuspension by wind. This resuspension may be amplified by disturbance (e g,
vehicular traffic) Once resuspended 1n air, particles can move long distances depending upon
wind velocity and turbulence Smaller diameter particles will be carnied farther; therefore, the
s1ze of sediment with which plutonium 1s associated 1s critical Numerous studies at the RFP
have focused on plutonium association with size fractions of soil particles and have determined
representative percentages of respirable plutomum-contaminated soil particles in air (McDowell
and Whicker, 1978; Whicker et al, 1974), but the correlation of these studies to reservorr
sediments 1s unknown Sediment size characterization will be conducted as part of scheduled
RFI/RI activities for Sites 200-202

323 Plutomum Fate and Mobility 1n Ground Water

As discussed 1n Section 3 2 1, no evidence has been observed in Great Western Reservorr or
Standley Lake of solubilization and leaching of plutonium downward 1n the sediment column
towards the ground water table This lack of mobility results primanly from the strong tendency
of plutonium to adsorb to clay in the sediments

The mugration of plutonium 1ons 1n ground water 1s retarded due to continuous distribution of
plutonium between soil and water phases The distnbution coefficient (K,), which quantfies the
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tendency to be adsorbed onto a solid particle relative to remaining dissolved, for plutonium 1s
10*-10° (Allard and Rydberg, 1983). The EPA (1990b) gives a distribution coefficient of 2x10°
for plutontum, Plutomum would not be expected to migrate readily 1n ground water with such
high K, values Furthermore, plutontum will tend to remain adsorbed to solid particles at pH
values between 3 and 9 (Roxburgh, 1987) However, 1t has been shown that plutonium (and
amencium) bound to colloidal particles in ground water may be unaffected by the forces that act
to retard theirr movement through ground water and may mgrate distances far beyond those
expected from K, values alone (Penrose et al, 1990) The Penrose study descnbes dissolved
plutonium and amencium from a treated aqueous effluent migraung through a shallow alluvial
aquifer derived from volcanic tuff The muneralogy of this aquifer 1s not described, but fine-
grained material described as silty clay may, in fact, be zeolites (hydrated aluminosilicate
munerals) The plutonium source, mode of transport, deposiional mechamism, and aquifer
environment are potentially very diufferent than the reservoir environment at Sites 200-202
Indeed, the Penrose study cautions against extrapolating the results to dissimilar environments
and conditions without careful site-specific study. The vertical distribution of plutomum 1n the
reservorr sediments and, 1if appropriate, the ground water environment at the reservoirs will be
studied during scheduled RFI/RI activities at Sites 200-202
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4.0 PRELIMINARY HUMAN HEALTH RISK ASSESSMENT

Section 300 430(d) of the NCP (Federal Register March 8, 1990, pg 8709) states that as part of
the remedial investigation, a Baseline Risk Assessment (BRA) 1s to be conducted to determine
whether the contamuinants of concern idenufied at the site pose a current or potential risk to
human health and the environment in the absence of remedial action For purposes of this report,
Table 5 of the IAG Scope of Work modifies this objecive for OU 3 by hmiting the risk
assessment to human health concerns based on a no-action alternanve A complete quantitanve
risk assessment will be performed as part of the scheduled OU 3 RFI/RI acuvies The
following discusses the general aspects of a BRA, and the specific differences of this preliminary

assessment.

41 BASIS AND PURPOSE OF THE BRA AND THE PRELIMINARY HUMAN HEALTH
RISK ASSESSMENT

The major objective of a BRA 1s to identify and define (quantify) potential human health nisks

and potential environmental impacts associated with exposure to the constituents present in the

various environmental site media The assessment 1s not intended to estimate the true nisks to
which human or environmental populations will be subject, rather 1t presents upper bound
estimates of these risks to be used in the remedial decision-making process The true risks are
likely to be much lower than their upper bound values It 1s used as mput into the Feasibility
Study (FS) to focus on the most appropnate remedies (if any), which reduce identified nisks (if
any) to acceptable levels The BRA essentially establishes the site baseline conditions from
which a selection of the most appropniate type and extent of corrective actions (if any are needed)

can be made

BRA Objectives
In general, the major objective of the BRA 1s attained by identifying and charactenizing the

following
» Toxicity and quantity of hazardous substances present in each media of concern
» Environmental fate and transport mechanisms within specific environmental media, such

as physical, chemical, and biological degradation processes
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» Hydrogeological, airborne, surface water, and biota evaluation and assessment
 Potential exposure pathways and extent of actual or expected exposure

» Population at nsk

+ Extent of expected harm and the likelthood of such harm occurring

o Companison of predicted intake rates with acceptable levels of exposure based on
regulatory and toxicological information

» Development of a site-specific model that will provide a calculation of risk, given site-
specific parameters

At most facihities, the principle data source document for conducting the BRA 1s the RFI or the
RIreport These will be referred to as an RFI/RI report for purposes of O U No. 3 discussions
These include general site characterization information, chemical analytical information, and a
detailled description of the hydrogeological regime and predictions of groundwater flow and
contaminant transport mechanisms The characterization of site-specific parameters such as
arrborne contarmunant concentrations, types and distribution of biota, occurrence of surface water,
and soil contaminant concentrations are also performed during an RFI/RI The BRA presents the
data collected duning these investigations in the context of potential human and environmental
exposure and focuses on the most toxic of the site contaminants The human health aspects of
the BRA uses the data and the charactenzation of the site and contaminant distnbution patterns
for all environmental media by reinterpreting them in the context of potentially complete
exposure pathways leading to human receptors, with one added dimension, namely focusing on
the toxic constituents The following discussions focus on the human health aspects of a risk

assessment.

Once all potential exposure pathways have been evaluated the carcinogenic risk calculations from
each are summed to produce a total nisk posed to humans from the contamnants located on-site
This value 15 then compared to the EPA target carcinogenic nisk range of 10 to 10° The EPA
does not require the complete elimination of nisk or of all known or anticipated adverse effects,
rather 1t requires protection of human health and the environment. Appendices B and C of this

report provide additional information concerning the concepts of risk
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In 40 Code of Federal Regulaaons (CFR) Section 300 430(e)(2)(1)(A)(2) the EPA states that "For
known or suspected carcinogens, acceptable exposure levels are generally concentration levels
that represent an excess upper-bound lifeume cancer nisk to an individual of between 10* and
10°, using information on the relationship between dose and response " Furthermore, the EPA
has stated 1n this section that the 10° nisk level shall be used as the pownt of departure for
determining remediation goals for alternatives when ARARs are not available or are not
sufficiently protective because of the presence of multiple contacmnants at a site or multiple
pathways of exposure, however, this 10 cumulative nisk level 1s to be used only as a starting
point, and does not reflect a presumption that the final decision on remedial action should attain
such a nsk level It 1s possible that given site-specific parameters, a calculation that results in
a cumulative total nisk level of 10 to the public could still be protective of human health, thus

eliminating the need for remedial action

Qualitative Risk Assessment Objectives

Unfortunately, none of the above 1ssues can be quantfied in this document due to the type of
historical data available for Sites 200-202 Appendix A of this document presents a data
useability review of existing documents to evaluate their applicability for use in risk assessment,
and concludes that the available data are not adequate to perform a defensible quantitative risk
assessment. A quantitative risk assessment will, however, be performed based on EPA guidance
(EPA, 1989) as part of the remedial investigation report

Since the requirements of the IAG must stll be met, and a quantitatve human health nsk
assessment cannot be performed with existing data, a qualitative human health risk assessment
for Sites 200-202 1s presented 1n this section The objectives of this qualitative assessment are
to 1dentify all potential exposure pathways which will be evaluated 1n the RFI/RI, to discuss the
relative significance of each pathway by using exisung information to make qualitative
judgements, and to 1dentify additional information which wall be needed to perform a quanttative
assessment. The qualitative assessment presented 1n this report uses the existing information to
make judgements concerning the potential exposure pathways and to identify the plausible

exposure pathways and qualitative nisks which are applicable to the no action alternative for the
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reservorrs  These judgements are not used, however, to eliminate potential exposure pathways

from evaluation during the scheduled RFI/RI activities

The qualitative nisk evaluation (based on existing information) for the no action alternative 1s
based on the current uses of the reservowrs In order to provide some estimate of whether there
1s any immuinent threat to human health, a hypothetical (generic) nsk assessment has also been
provided that uses generic exposure pathway assumptions based on future reservoir use
condiions This generic risk assessment does have limitations 1n that only plutonium 1s assessed
This assessment 1s provided in Appendix C, and includes discussions of the relative difference
in risk based on plutonium concentrations in exposed or resuspended sediments of 0 01 pCy/g,
01 pCy/g, 1 pCy/g, and 10 pCy/g The reader may compare the calculations for each pathway to
assess 1f there 1s agreement between the qualitauve description of risk from each pathway with
the nisk calculated for that pathway 1n Appendix C

All of the data reviewed (see Section 6 0, Appendices A and C for a list of references) indicate
that radionuchides in reservorr and stream sediments are the only contamunants of concern at
Sites 200-202 which can be attributed to RFP historical releases A more comprehensive
assesment of potential chemicals of concern will be performed duning RFI/RI activites Some
media specific analyses of plutonium and other radionuchides present at the RFP, such as
americium-241 and Hydrogen-3, have been performed at Great Western Reservorr and Standley
Lake (Appendix D, Document D-5) However, only plutonium will be addressed specifically 1in
this qualitative nsk assessment and 1n the generic nsk assessment (Appendix C), since the
potential exposure pathways for the radionuclides of concern are simular (although sigmficance
may vary), and sigmficantly more data would be needed to quantitatively address the nisks of
these other radionuclides A more comprehensive assessment of all contarmnants of concern and

of the potential exposure pathways will be performed dunng the scheduled RFI/RI activities

42 QUALITATIVE ASSESSMENT CONCEPTUAL APPROACH
Since there 15 no existing RFI/RI document, this qualitative risk assessment uses hazard rankings
(Secttons 4 51 and 47 1) instead of plutonium concentration values, transport equations and

receptor dose calculations to make judgements concerning relative magnitude of specific media

RFPapr200r 51 061291



occurrence, release probabilities, potential routes of uptake and the ultimate impact on a human
receptor  As discussed, a generic quantitative nisk assessment 1s also included in Appendix C,
so that the relaive magnitude of the qualitative hazard ranking can be compared with the
numencal magnitude of the exposure pathway analysis provided 1n Appendix C

The EPA Risk Assessment Guidance (RAG) document states that a completed exposure pathway
must have the following four elements (EPA, 1989)

¢ A source and mechanism of chemucal release to the environment
* An environmental transport medium for the released chemucal (air, ground water, etc )

s A point of potential human or biota contact with the contaminated medium (exposure
point)

o A mode of uptake at the exposure point (ingestion, inhalation, or dermal contact)

If any of these elements are absent, there 1s no resultant human exposure and consequently no
nisk For the purposes of this assessment, the term completed exposure pathway will be used

only when all four of these elements are present

The qualitative nisk assessment presented 1n this report has been developed as follows

Toxicity Assessment (Section 4 3)
The human health nsks associated with radiation exposure are briefly described, with emphasis

on exposure to plutontum. A more rigorous toxicity assessment will be performed as part of the

scheduled RFI/RI activities, once adequate site-specific data have been collected

Source Term (Section 4 4)

The source term describes the amount and distibution of contaminant (plutonium) found 1n the
reservoirs  For Sites 200-202, the source term corresponds to plutonium concentrations in the
reservorr sediments The concentraton of plutontum 1n the sediments, and the depths at which

1t 1s found, affects the magmitude of any release into other media A more comprehensive
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charactenzation of the extent and magmitude of all contaminants of concern will be performed
as part of the scheduled RFI/RI activities

Potential Exposure Pathways (Section 4 5)
Potential exposure pathways for Sites 200-202 are 1dentified based on historical information, and

site and contaminant charactenistics The relative importance of any individual potential exposure
pathway 1s then assessed by estimating the magmitude of potential exposure, the frequency and
duranon of these exposures, and the media-specific pathways by which humans are potennally
exposed The magmtudes of potential exposures are based upon the sediment contamination
being a contamination source for other media Med1a-specific pathways for the current reservoir
use condition (described 1n Section 2 0) are qualitatively assessed 1n this section for their relatnve

importance to exposure routes leading to human uptake

Exposure Routes (Mode of Uptake) (Section 4 6)

The various routes of plutonium uptake by humans and other orgamisms important to human
exposure are identified and ranked by relative importance to the nsk assessment The nisks
associated with potential points of human contact are qualitatively assessed based on all identified
exposure pathways A description of the behavior of plutonium 1n biological systems 1s included
in this secion Exposure routes for the current land use condition are qualitatively assessed 1n
this section for therr relative importance to the risk charactenization It 1s recognized that the
ranking of the exposure routes 1s highly dependent upon the contamnants of concern, and that
the rankings developed in the quantitative nisk assessment (based on more site-specific data) may
vary from those presented 1n this report.

Risk Characterization (Section 4 7)

The elements developed n preceding secuons are combined mto a site-specific nsk
characterization, which evaluates the concentration of plutonium 1n each media, its ikelthood for
transport to other media, and 1ts hikelihood to impact a human receptor based on current land use
condinons The potential exposure pathways are systematically examined, and those which do
not meet the criteria of a completed exposure pathway based on current reservorr use conditions

(using exisung information) are ehminated from the nisk assessment. Agamn, the elimination of
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pathways from this qualitative risk assessment does not elimunate these pathways from being
evaluated during the scheduled RFI/RI activities

43 TOXICITY ASSESSMENT

The purpose of a toxicity assessment 1s to weigh available evidence regarding the potential for
particular contaminants to cause adverse effects in exposed individuals and to provide, where
possible, an estimate of the relationship between the extent of exposure to a contamnant and the
increased likelthood and/or seventy of adverse effects A toxicity assessment 1s rather
strarightforward for radionuclides, since the type of effects and the likelihood of occurrence of
any one of the number of possible adverse effects from radiation exposure depends on the
radiation dose The following provides a summary of human and experimental animal data that

establishes the hazards of radiation exposure

431 Hazard Ident:ification

The foundation of any risk assessment 1s that two conditions must be met for a risk to be present
1) a hazard (presence of a toxic substance at a concentratton where exposure can result in a
toxicologically sigmificant dose) must be present, and, 2) exposure (of a receptor) to that hazard
must occur If either factor 1s absent, the hazard or the exposure, there 1s no nsk In simple
mathematical terms, the risk 1s equal to the potency (a measure of the hazard) nmes the effectve

dose (a measure of the exposure)

Hazards associated with chemicals are descrnibed toxicologically 1n terms of exposure mode and
duration Modes of environmental exposure are charactenized as inhalation, ingestion, and direct
contact (dermal absorption).

In addition to these exposure categones, health effects are divided nto two main categories
health consequences that may occur at any exposure level greater than zero (carcinogenicity), and
health effects which will not be ehcited unless the constituent concentration 1s above some
threshold level (non-carcinogens) For these sites 1t 1s assumed that the radionuclide
concentrations present will pose a potential of only a carcinogenic hazard to the public as stated
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by EPA, and may be used as the sole basis for assessing the radiation related to human heaith
nisk at Sites 200-202 (EPA, 1989)

Because carcinogenic effects are believed to be initiated at the molecular level, current regulatory
policy 1s based on the concept that there 1s no finite dose or threshold below which carcinogens
do not exert a potential effect In the case of chemicals exhibiting non-carcinogenic effects, 1t
1s believed that organisms have protective mechanisms that must be overcome before the toxic

endpoint 1s manifested

In determining health risks associated with chronic exposure to toxic materals, two categories
based on the nature of the health consequences exist. For all health effects associated with
chronic exposure to non-carcinogenic toxic materials there 1s some threshold concentration below
which the impact will not occur; however, there 1s no threshold concentration for carcinogenic
toxic constituents Materials that are carcinogenic may also induce other health effects which

occur at a lower concentration

In order to evaluate the potential risks posed by plutonium, 1t 1S 1mportant to understand the
toxicity hazards of radiation for different exposure routes. Radiation 1s defined as the transfer
of energy from one place to another Heat, sound, and light are radiation but do not carry
enough energy to break the atomic bonds of molecules, however, 10ni1zing radiation, when
interacting with matter, has sufficient energy to break the atomic bonds of molecules, and
produce (emut) an ejected electron and a positively charged 1on Iomizing radiation may be 1n the

form of particles or electromagnetic waves

The principal adverse biological effects associated with iomzing radiation exposures from
radioactive substances 1n the environment are carcinogenicity, mutagenicity, and teratogenicity
Carcinogenicity 1s the ability to produce cancer Mutagenicity 1s the property of being able to
induce genetic mutation, which may be in the nucleus of either somanc (body) or germ
(reproducuve) cells Mutations in germ cells lead to genetic or inhented defects Teratogenicity
refers to the ability of an agent to induce or increase the incidence of congemtal malformations

as a result of permanent structural or functional deviations produced during the growth and
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development of an embryo (more commonly referred to as birth defects) Radiation may induce
other deleterious effects at acute doses above about 100 rem, but doses of this magnitude are not

normally associated with radioactive contammaton 1n the environment.

Iomzing radiation causes injury by breaking molecules into electrically charged fragments
(1e, free radicals), thereby producing chemucal rearrangements that may lead to permanent
cellular damage. The degree of biological damage caused by various types of radiation varies
according to how spatially close together the iomizations occur Iomizing radiation from
plutomum (e g, alpha particles) produces high density regions of 1onization For this reason, they
are called high-LET (linear energy transfer) particles Other types of radiation (e g, x-rays,
gamma rays, and beta particles) are called low-LET radiations because of the low density pattern
of 1omzation they produce In equal doses, the carcinogenicity and mutagemcity of high-LET
radiations may be an order of magnitude or more greater than those of low-LET radiations,
depending on the endpoint being evaluated The vanability in biological effectiveness 1s
accounted for by the quality factor used to calculate the dose equivalent This vanability has

been accounted for 1n the generic nisk assessment developed 1n Appendix C

4.3 2 Carcinogenesis
An extensive body of literature exists on radiation carcinogenesis in man and animals This

Iiterature has been reviewed most recently by the United Nations Scientific Commuttee on the
Effects of Atomic Radiation (UNSCEAR) and the National Academy of Sciences Advisory
Commuttee on the Biological Effects of Ionizing Radiations (NAS-BEIR Commuttee) (UNSCEAR,
1977, 1982, 1988, NAS, 1972, 1980, 1988) Estimates of the average risk of fatal cancer from
low-LET radiation from these studies range from approximately 0 007 to 0 07 fatal cancers per
100 rem

An i1ncrease 1n cancer incidence or mortality with increasing radiation dose has been
demonstrated for many types of cancer in both human populations and laboratory animals
(UNSCEAR, 1982, 1988, NAS, 1980, 1988) Studies of humans exposed to internal or external
sources of 1omzing radiation have shown that the incidence of cancer increases with increased

radiation exposure This increased incidence, however, 1s usually associated with appreciably
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greater doses and exposure frequencies than those encountered in the environment Therefore,
nsk estimates from small doses obtamned over long perniods of time are determined by
extrapolating the effects observed at high, acute doses Malignant tumors 1n various organs most
often appear long after the radiation exposure, usually 10 to 35 years later (NAS, 1980, 1988,
UNSCEAR, 1982, 1988) Radionuclide metabolism can result in the selective deposition of
certain radionuclides 1n specific organs or tissues, which, 1n turn, can result 1n larger radiation

doses and higher-than-normal cancer risk in these organs

Iomzing radiation can be considered pancarcinogenic, 1 ¢ , 1t acts as a complete carcinogen 1n that
1t serves as both imtiator and promoter, and 1t can induce cancers 1n nearly any tissue or organ
Radiation-induced cancers 1n humans have been reported 1n the thyroid, female breast, lung, bone
marrow (leukemua), stomach, liver, large intestine, brain, salivary glands, bone, esophagus, small
intestine, urinary bladder, pancreas, rectum, lymphatc ussues, skin, pharynx, uterus, ovary,
mucosa of cramal sinuses, and kidney (UNSCEAR, 1977, 1982, 1988, NAS, 1972, 1980, 1988)
These data are taken pnimanly from studies of human populations exposed to high levels of
radiation, including atomic bomb survivors, underground mners, radium dial painters, patients
injected with thorotrast or radium, and patients who received high x-ray doses during various
treatment programs Extrapolation of these data to the much lower doses that the public would
be exposed to at Sites 200-202 1s the major source of uncertainty in determiming low-level
radiation risks (see EPA, 1989a) It 1s assumed that no lower threshold exists for radiation

carcinogencsis

On average, approximately 50 percent of all of the cancers induced by radiation are lethal The
fraction of fatal cancers 1s different for each type of cancer, ranging from about 10 percent in the
case of thyroid cancer to 100 percent 1n the case of liver cancer (NAS, 1980, 1988) Females
have approximately two times as many total cancers as fatal cancers following radiation exposure,

and males have approximately 1 5 times as many (NAS, 1980)
Cancer slope factors (CSF) for the ingestion and 1nhalation of radionuchides likely to be found
at Sites 200-202 are presented 1n Table B 1 CSFs are esmated with mathematical extrapolation

models, which extrapolate the effects (cancer-induction) seen at high doses to potential effects
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at low doses The CSFs for radionuclides are considered "best estimates," whale slope factors
for chemucals are computed at the 95 percent confidence level This method for determining risk

will be used for any sigmificant exposure to a radionuchide

433 Mutagenesis
Very few quantitative data are available on radiogenic mutations in humans, particularly from

low-dose exposures Some mutations are so muld they are not noticeable, while other mutagenic
effects that do occur are similar to nonmutagenmc effects and are therefore not necessarly
recorded as mutations The bulk of data supporting the mutagenic character of 1omzing radiation
comes from extenstve studies of expennmental ammals (UNSCEAR, 1977, 1982, 1988, NAS,
1972, 1980, 1988) These studies have demonstrated all forms of radiation mutagenesis,
including lethal mutations, translocations, inversions, nondisjunction, and point mutations
Mutation rates calculated from these studies are extrapolated to humans and form the basis for
estimating the genetic impact of 10mzing radiation on humans (NAS, 1980, 1988 UNSCEAR,
1082, 1988) The vast majornty of the demonstrated mutations 1n human germ cells contribute
to both increased mortality and 1illness (NAS, 1980, UNSCEAR, 1982) Moreover, the radiation
protection community 1s generally in agreement that the probability of inducing genetic changes
increases linearly with dose and that no "threshold" dose 1s required to 1imtiate heritable damage

to germ cells

The 1ncidence of serious genetic disease due to mutations and chromosome aberrations induced
by radiation 1s referred to as genetic detriment Serious genetic disease includes inherited 1ll
health, handicaps, or disabiliies Genetic disease may be mamifest at birth or may not become
evident until some time 1n adulthood Radiaton-induced genetic detriment includes impairment
of life, shortened life span, and increased hospitalizaon The frequency of radiation-induced
genetic impairment 1s relatively small 1n comparison with the magnitude of detriment associated
with spontaneously anising genetic diseases (UNSCEAR, 1982, 1988)

4 34 Teratogenesis
Radiation 1s a well-known teratogenic agent The developing fetus 18 much more sensitive to

radiation than the mother The age of the fetus at the ime of exposure 1s the most important
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factor 1n determuning the extent and type of damage from radiaion The malformations produced
' in the embryo depend on which cells, tissues, or organs in the fetus are most actively
differentiating at the ime of radiation exposure Embryos are relatively resistant to radiation-
induced teratogenic effects during the later stages of their development and are most sensitive
from just after implantation until the end of organogenesis (about two weeks to eight weeks after
conception) (UNSCEAR, 1986, Brent, 1980) The brain appears to be most sensitive during
development of the neuroblast (these cells eventually become the nerve cells) The greatest risk
of brain damage for the human fetus occurs at 8 to 15 weeks, which 1s the tme the nervous

system 1s undergoing the most rapid differentiation

435 Summary
In general, there are two distinct human hazards presented by radiation, those of external and

internal radiation exposure External radiatnon exposure 1s due mainly to gamma ray emissions
from radioactive decay Although plutomium does produce x- and gamma rays, they are very
weak and only comprise a small percentage of the total energy emutted A companson of the umt
risk estimate values for external exposure versus internal exposure 1s provided in Table B 1, and
. indicates that the inhalation and ingestion pathways produce the most sigmficant degree of nsk
Therefore, this nisk assessment does not consider external radiation exposure as a hazard from
Sites 200-202 Plutonium does, however, present an nternal radiation hazard, primarily from
inhalation and ingestion The inhalation of plutonium can lead to the deposition and retention
of radioacuivity 1n the lung, and produce continual, localized internal wrradiation of lung and other
body tissues for extended periods of ime Direct ingestion of contaminated so1l, and ingestion
of contaminated foodstuffs 1s another pathway that can contribute to deposition and retention of

radionuclides 1n the body

The following summanzes the important properties of plutonium?®?

Physical half-ife 2 44x10* years

Sources used in nuclear weapons

Principal modes and energies of decay in million electron volts (MeV) alpha 5 06 (11%)
513 (17%) 5.15 (73%)
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Special chemical charactenstics member of the actinide series of rare-earth elements
Forms 1nsoluble fluonide, hydroxides, and oxides Oxidizes rapidly on exposure to air to
form plutomum dioxide (PuQ,)

Cntical Organs bone and liver

Atomic number 94
Physical form silvery-white metal
Melting point  680°C

Plutonium 1s primarily an alpha particle ematter An alpha particle 1s essentially a helium nucleus
without orbital electrons It 1s composed of two protons and two neutrons with a charge of plus
two Since these alpha particles have a relatively large mass and +2 charge, they react strongly
with matter, and create a large amount of 10omzation 1n a very short distance However, even
alpha particles with the high kinetic energies of plutomum travel only about 1 6 1n (4 cm) 1n arr,
and can be stopped by a piece of paper, or the outermost layer of dead skin Alpha particles
therefore do not present an external exposure hazard These same properties do however produce
much more cellular damage than an equivalent amount of gamma energy, if both alpha and
gamma are internally deposited The range of penetration of a plutonium alpha particle 1n tissue
1s approximately 100 muicrometers (um) (3 9x10? 1n), indicating that an alpha particle retained
1n the body will deposit 100 percent of 1its 1omzing radiation to localized tissue The concepts
developed 1n this section describe the various ways plutonmium can enter the body (exposure
routes), and the relative risk of each mode of uptake For the purposes of this quahitative risk
assessment as well as the generic nisk assessment in Appendix C, 1t 1s assumed that the insoluble
form of plutonium, plutonium dioxide (Pu(,), will be the predominant radionuclide available for
biological uptake This assumption 1s based on a vanety of studies (Eisenbud, 1987, Bair, 1973,
McClellan, 1972, Romney, 1972) that indicate plutonium will oxidize in an environmental setting
and thus form insoluble compounds. Although only the EPA Health Effects Assessment
Summary Tables (HEAST) were used for this qualitative assessment, more sophisticated sources

may be used during the quantitative risk assessment

44 SOURCE TERM
For purposes of this nisk assessment, the potential source term for Sites 200-202 1s taken as the

plutonium-contaminated reservoir/lake sediments within the three reservoirs The 1sotopic
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composition of plutonium at the RFP 1s shown 1n Table 41 An examination of the available
data for Sites 200-202 has been performed and 1s presented 1n Appendix A The examnation
indicates that 1n some cases, the quantitation limits and detection limts for plutonium were not
included 1n the referenced documents It 1s believed that most of the published data have not
been through a ngid quality assurance/quality control (QA/QC) analysis It 1s also evident that
sampling procedures for all media have differed between various sampling agencies In addition,
there 1s some uncertainty as to the extent of the plutomum contamination Both the extent and
the magnitude of the source term will be characterized during the RFI/RI activites Because of
these uncertainties, a numerical value cannot be assigned to the source term at Sites 200-202 with
any certainty Analysis of existing data indicate that the plutonium concentrations 1n sediment
average less than 0 5 pCi/g, and that the highest value measured was less than 5 pCi/g Tables
21 and 2 2 summanze the ranges and averages of the data from the documents reviewed 1n
Appendix A The reader may compare the values found in Tables 2 1 and 2 2 to the calculated
risk from exposure to 001, 0 1, 1 0 and 10 pCi/g, found 1n Appendix C and also compare these
values to the existing soil background level of plutomum found throughout the United States of
02 pCy/g (EPA, 1990) Section 4 10 discusses additional data needed for a rehiable determination

of Sites 200-202 source term to support a quantitative risk assessment

45 POTENTIAL EXPOSURE PATHWAYS

The 1dentficaion and assessment of potential exposure pathways 1s accomplished by
charactenzing the potential contaminant release mechanisms which may contribute to a completed
exposure pathway to human and environmental receptors The release mechanmism analysis
evaluates the possible migration of the chemucals of concern, taking 1nto account their physical
and chemucal properties that affect environmental fate in the various site media Certain site
charactenistics such as hydrogeology, meteorology, soil organic carbon, chimate, and vegetative

cover, etc may also have a significant influence on the migration potential

A preliminary description of the exposure pathway should answer the following questions
o Where, when and how will the release of the toxicant occur?

o What 1s 1n the immediate vicinity of the release?
o What 1s the quantity, physical state, and chemical 1dentity of the released matenal?
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TABLE 4.1

ISOTOPIC COMPOSITION OF ROCKY FLATS PLUTONIUM

Specific Alpha Specific Beta Relative*

Acuvity Activity Activity
(Cunes/gram)
000171
Pu-239 9379 00622 - 005834
Pu-240 580 0228 - 001322
Pu-241 036 - 1035 0.37260
Pu-242 003 000393 - 1 18x10°

Source Rockwell, 1985b

* Relative activity 18 obtained by multiplying the percent by weight by the specific activity
Total activity for the plutonium 1sotopes 1s

Alpha 0 0732 cunies/gram
Alpha plus Beta 0 446 curies/gram

® Am-241 daughter from decay of Pu-241
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Again, an examunation of the data presented in Appendix A concludes that the information
necessary to perform a rigorous exposure pathway characterization was not contained 1n any of
the existing reports Although answers to the above questions cannot be obtained from the
existing information, 1t 1s possible to identify likely site-specific release mechanisms and transport
media based on the genernic nsk assessment presented in Appendix C Characterization of all

potential exposure pathways will be performed during the RFI/RI activities

451 Potential Exposure Pathways at Sites 200-202
Figure 3-2 1dentifies all of the various potential transport media which exust at Sites 200-202,

along with therr associated primary and secondary release mechanisms Section 30 also
describes plutonium fate and mobility 1n the environment, and concludes that for condihons at
Sites 200-202, plutonium 1s highly insoluble 1n ground water and surface water, and bonds
strongly to the bottom sediments As stated previously, a completed exposure pathway must exist
for a hazard to be conveyed to the receptor Judgements based on existing data indicate that
many of the potential transport media and release mechanisms identified thus far do not form a
completed pathway, and therefore do not pose a nsk to human health The only credible
completed exposure pathway based on current land use for Sites 200-202 1s shown 1n Fagure 4-1
Although other pathways are addressed 1n this report (and will be charactenzed in the RFI/RI)
they are not considered in the determination of qualitatve risk It 1s possible that the ingestion
of contaminated soils, and suspended plutonium sediments in water may provide a completed
pathway, but as shown 1n Appendix C, their contribution 1s negligible when compared to the nisk
of inhalation

Primary and secondary release mechanisms for the current land use scenario are grouped with
transport media (Table 4 2) to determine their probability of transporting plutomum 1in the
environment based on the following probability ranking

1 High -- hstoric records or physical charactenistics of Sites 200-202 indicate that

plutonium has a high probability of being released by this mechanism or transported by
this media

2 Moderate -- a possibility exists that plutontum may be released by this mechamsm or
transported by this media (airborne, fugitive dust, surface runoff)
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3 Low -- the likelihood 1s that this release mechanism or transport media does not provide

any significant possibility of release or transport 1n the environment (fugitive dust)

4 Neghgible -- all historic data and physical characteristics of plutomum indicate that this

1s not a credible release mechamsm or transport pathway for plutonium (ground water,
surface water, biotc uptake)

The following sections discuss some of the release mechamisms and transport media 1n more

detail

4511 Identification of Release Mechanisms

The potential exposure pathways are identified in the pathway analysis as shown 1n Figure 3-2

The potential primary release mechamsms include

Fugitive dust (wind erosion)

Direct contact through recreational use
Direct fugitive dust from sediments
Wind stripping of water

Reservorr discharge

Drinking water withdrawal
Infiltration/percolation

Biotic uptake

The potential secondary release mechanisms include

Settled dust - plants

Settled dust - so1l (leading to possible arrborne dust)
Settled dust - water

Biotic uptake of surface water

Surface water deposition

Surface water irrgation

Surface water infiltranon

Surface water evaporation/lowering (leading to possible airborne sediments)
Ground water seepage

Ground water pumpage

Drnnking water

Precipitates from treatment plant

4512 Idenufication of Transport Media
A physical examination of Sites 200-202 and an historical review of the records for the site

indicate that the pnmary transport mecha for plutomum 1s the fugitive dust release from exposed
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sediments Numerous possible primary release mechanisms are listed above, but 1t 1s the fugitive

dust release mechanism that causes the greatest impact on the secondary transport media of air

Figure 4-1 does indicate that there 1s also a potential for direct sediment ingesnon However, as
shown 1n Appendix C, the ingestion pathway contribution 1s negligible when compared to the
inhalation route Therefore 1t 1s concluded that fugitive dust causes the greatest potential human

impact

For Sites 200-202, the potential secondary transport media for plutonium includes surface water,
groundwater, treatment plant effluent and precipitates, and biotic uptake Figures 4-2 and 4-3
provide some indication of the populations which are downwind of Sites 200-202, and which
could potentially be impacted by fugitive dust releases The RFI/RI will address the populations

at nisk 1n detail.

The following discussion provides a more detailed description of the various transport media and
release mechamisms which are of pnimary interest As has been stated, all of the potential
exposure pathways will be evaluated 1n the scheduled RFI/RI activities

Soil Reentrainment

The general prninciples of atmospheric fate and mobility of plutomum are described 1n
Section 322 However, a further explanation of atmospheric transport parameters 1s offered 1n
this section because nhalation and ingestion of plutonium particles from reentramned sediments
1s considered to be the most probable means of human exposure adjacent to Sites 200-202 The
principal mode of transport of plutonium particles 1s direct airborne movement from the
Sites 200-202 exposed sediments, either by uphft or particle impact, or by resuspension of
previously deposited small particles by wind action or other disturbances (EPA, 1990b)

Drrect action of air moving past a particle may exert enough force to accelerate the particle,
causing 1t to roll along the surface or to be lifted up and moved 1n the air stream A second
mechanism of initiating particle movement can also be imitiated through the impact of airborne

particies with particles on the ground Particles on a sohd surface which have chemical and
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physical properties different from the base matenal have adhesive contact to the substrate For
resuspension to occur with this scenario, the force on the particle must be equal to or greater than
the force holding the particle to the surface Several factors are known to influence particle

cohesion
» particle matenal
size
shape
surface roughness
relative humudity of the ambient air
presence of electrostatic charge
nature and physical charactenistics of the substrate

The pnimary meteorological factors which influence the suspension of material from ground
deposits are wind and ground surface moisture The amount of matenal that can be carried 1n
the air currents 1s dependent on the density, velocity, and viscosity of the air Particles that are
dislodged from the ground surface can then move 1n three ways suspension, saltation, and
surface creep Suspension occurs when upward wind eddies counteract free fall, allowing
transport of the particle at the average forward speed of the wind. These particles are generally
less than 0 05 mullimeter (mm) 1n diameter and are redeposited via ramout or gravity after the
wind subsides Particles between 0 05 mm and 1 0 mm in diameter move by a seres of short
bounces called saltatton Larger particles greater than 1 0 mm 1n diameter can roll and/or slide
along the surface in what 1s called surface creep (EPA, 1990b) Particle movement

predominantly occurs by saltation

For purposes of this qualitative assessment, 1t 1s assumed that any free plutonium 1n the reservorr
sediments has been subject to weathening and aging Previous RFP studies (Krey and Hardy,
1970, Whicker et al , 1974) and general textbooks (Wick, 1967) support this statement concerning
the weathering of plutonium 1n the environment Additional studies are needed as part of the
scheduled RFI/RI activities to verify this assumption Among the parameters which most
influence the movement of soil by wind are the space and time vanation of the sediment particle
size distmbution Considering the lack of data on plutonum distnbution i the reservoir
sediments, a conservative assumption for both the qualitative and generic risk assessment 1s that

all arrborne plutonium generated by exposed sediments 1s of a respirable particle size
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The area of hmghest concentration of plutomum in Great Western Reservoir and Standley Lake
appears to be 1n the deep water arcas where the greatest sedimentation rate has occurred The
areas of ummum plutonium concentrations seems to be the shallow water and shoreline areas
These shallow water and shoreline areas have the greatest potential to dry up and allow for
potential reentrainment of sediments nto the atmosphere There 1s hittle doubt that fugitive dust
1s generated from the shoreline sediments at these reservoirs However, since the plutonium
concentrations 1n these areas are generally at or below CDH guidance concentrations for surface
souls, 1ts risk via the inhalation pathway 1s judged to be mimmal Based on the information
presented 1n this document, the following statements can be made

1 The location of highest plutonium concentrations tend to be in the deepest part of the
reservors This conclusion may or may not be true for Mower Reservorr

2. The location of the lowest plutonium concentrations tend to be along the shorehine and
shallow water areas of the reservoirs These areas are the most likely to be subject to
drying and reentrainment of sediments into the air

3 Sediment sampling results indicate that a discrete contamination layer exists at both
Great Western Reservorr and Standley Lake, but has been buried by subsequent
sedimentation Sampling results indicated however, that there 1s plutonium located at
the surface of the sediment

4 The plutonium 1s strongly bound to the sediments and will not easily resolubilize

5 It 1s possible that the reservoir levels may drop, exposing the deeper plutomum-
contaiming sediments to drying, however, 1n general, this exposed beach area would
produce a crusty, platelike surface which would require pulverization for the sediments
to become awrborne It 1s plausible that vehicular traffic could produce this
pulverization If reservorr levels remain low, long-term weathering could also
eventually provide means for reentrainment

Based on the current use of the reservours, the low concentrations of plutonium 1n the sediments,
and 1ts general lack of mobility 1n the environment, 1t 1s judged that the no-action alternative for

the sediment-inhalation exposure pathway presents a low nsk to the public

Plutonium Uptake 1n the Food Chain

As described 1n Section 3 0, plutonium forms relatively insoluble compounds in the environment

and 1s therefore not generally considered ecologically mobile (Eisenbud, 1987) Since plutonium
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has no known biological function, 1t can only be passively incorporated into organisms, mainly
by physical processes such as surface contact, nhalation, and ingestion of plutonium adsorbed
to the surfaces of plants and zooplankton The generic nisk assessment i1n Appendix C does take
1nto account food chain transfer and foliar deposition of plutonium leading to human uptake The
Standley Lake fish study (Appendix D, Document D-11) indicated that no bioconcentration and

bioaccumulation 1s occurring 1n fish species at the reservoir

Ground Water and Surface Water
With regard to water quality, the need for potential site remediation should be based largely on

the evaluation of current and potential risks to the public who may use the surface or
underground aquifer as a source of drinking water A key evaluaton criterion 1n selectng
remedial measures at Sites 200-202 should be the extent to which alternatives mitigate off-site
exposure via the ground water/surface water pathway if in fact exposure is occurnng Al data
reviewed to this pomnt indicates that the ground water/surface water interactions 1n and around
all three reservoirs should not result in any detectable amount of plutonium in ground water
This statement 18 based on historic data from numerous RFP on-site wells which are located 1n
areas of documented contamunated pond leakage. With one exception, 1n no case has there been
detectable concentrations of plutonium 1n ground water If no impact 1s seen in this worst-case
situation 1t 1s highly unlikely that the reservoir sediment interactions will impact ground water
This judgment will not be used to ehminate potential exposure pathway from evaluation during
the scheduled RFI/RI activities

The surface water quality monmitoring results indicate that plutonium concentrations are far below
regulatory limuts for the reservorrs (Section 2 0) It 1s important to note that these measured
concentrations are just above the analytical detection limat, and well below the EPA or CDH nisk-
based limuts for dnnking water In the absence of site-specific data (which will be collected
during the RFI/RI), only a relattve measure of hypothetical risk may be discussed for the ground
water/surface water exposure pathway. Based on the information presented 1n this document, the
following conclusions can be drawn

1 The sediments 1n all three reservoirs contribute little or no plutonium to the ground
water/surface water
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2 All samphng data from the reservoirs indicate that no bioaccumulation of plutonium 1s
occurring in water plants, phytoplankton or fish

3 Plutomum rapidly and almost irreversibly attaches itself to clay sediments, and there 1s
no evidence of post-depositional mugration of plutonium through the sediment. This
leads the conclusion that plutonium 1s not readily available for remixing 1n the water,
even under lake turnover conditions.

4 All surface water quality momtoring data for plutonium in and around the three
reservours are well below CDH and EPA regulatory standards

5 Most importantly for evaluating receptor risk, tap water samples were taken from the
communities that utilize the reservorrs as a source of drinking water The results of this
monitoring indicate concentrations of plutomum 1n dnnking water that are just above
or below the analytical detection hmit, and well below CDH and EPA regulatory
standards

Based on these conditions, 1t 1s determuned that the no-action alternative for the ground

water/surface water pathway at reservoirs presents a neghigible hazard to the public

4 6 EXPOSURE ROUTES FOR CURRENT AND FUTURE LAND USE CONDITIONS

The three exposure routes (routes of entry) which can lead to internal radiahon exposure are
inhalation, ingestion, and dermal contact The two primary exposure routes of plutontum uptake
that could most likely lead to internal radiation exposure are the inhalation and ingestion of

radioactive materials Dermal contact 1s not considered a significant exposure route (Section 4 3)

The estimation of organ burden and exposure, as well as of the resulting dose rates and doses,
due to uptake by these pathways 1s based on the use of mathematical models which depend on
many parameters International Commuission on Radiation Protection (ICRP) publications ICRP
30 (ICRP, 1988a), ICRP 31 (ICRP, 1980), and ICRP 48 (ICRP, 1988b) provide the criteria
necessary to calculate the commutted effective dose equivalent for both occupational workers and
the general public This section will show that the magnitude of the dermal contact/ingestion

pathway 1s mnsignificant when compared to inhalation

RFPapr200 r 73 061291



4 61 Inhalation
The 1nhalation of an aerosol carrying radionuchdes 1s a potential mechamism for damage to the
respiratory tract as well as a possible pathway for the translocation of inhaled radioactive material
to other reference organs The complexity of the biological phenomena which govern
transmussion and elimination of such material complicates the assessment of potential health
effects due to inhalation of radioactive material Factors which must be included are
1 The fractional deposition of inhaled material in the respiratory tract depends on
properties of the aerosol size and mass distribution, chemcal form, and charge, as well
as on the breathing rate and such physiological characteristics of the lung as its surface

properties and configuration For the purposes of this qualitative risk assessment, 1t 18
assumed that 100 percent of the plutonium in dust 1s available for uptake.

2 The duration and extent of the exposure depends on the biological and physical
mechanisms which transport the deposited matenal and 1ts decay products within the
body These include the various clearance paths, the nuchide half-lives, the chemcal
form, the solubility, and the degree of retention in each organ of interest

3 The dose depends on the duration, of the activity of both parent and daughter
radionuclides 1n the organ, the organ mass, the emtted energy of each nuclide, and the
fraction of that energy absorbed by the organ tissues

The nhalation mode of exposure has long been recogmzed as being of major importance for
radioactive materials The model used in Appendix C to calculate a generic plutonum risk
assessment for current use indicates that for conservative assumptions, the contribution of the
inhalation pathway comprises 97 percent of the total nsk This route provides a direct pathway
for alpha particles to enter the sensitive organ which 1s the lung The lung 1s the organ of

pnmary concern when assessing the risks from plutonium mn soil (EPA, 1990b)

When 1nhaled, plutonium 1s retained 1n the lung with an effective half-life that varies from
hundreds of days for plutonium oxides (Y class) to tens of days for more soluble forms (W
class) A sigmficant portion of the insoluble plutonium oxide that leaves the lung 1s translocated
to the tracheobronchial lymph nodes Inhaled soluble plutonium 1s translocated to the liver and
skeleton where 1t 18 very strongly retained (Bair, 1973) This 1s 1n contrast to the ingestion
pathway, where the gut wall acts as a barrier to plutonium absorbed by blood
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Inhalation 1s the most common pathway by which plutomum can cross the barriers of the body
and penetrate 1nto and across living cells The aerodynamic particle size of the aerosol, which
accounts for not only the sizes of the particles but also their density and shape, determines the
fractional deposition and sites of deposition in the respiratory tract The bioavailability of
plutonium adsorbed to particles often depends on this aerodynamic particle size Particles with
a diameter greater than 5 mucrons usually become imbedded in the mucous of the pharynx,
trachea, or bronch1 The mucous 1s swept up the respiratory tract and swallowed Therefore, the
residence time of inhaled plutonium 1n the nasopharyngeal and tracheo-bronchial regions 1s short.
The absorption efficiency of these large particles depends on the gastromntestinal absorption
efficiency, which 1s extremely low for plutontum (Section 4 6 2) Consequently, inhaled particles
that are subsequently ingested reduce the magnitude of the inhalation pathway The subsequent
rates and routes of clearance, the translocation to, deposition 1n, and rate of clearance from other
tissues, and the excretion in urine and feces of plutomum depend on particle size, solubility,
density, shape and other physicochemical charactenstics of the plutonium aerosol The radiation
dose delivered from an inhaled radionuclhide 15 a function of the transportability of the partcular
chemical form from the lung to other organs of the body Chemical forms of radionuchdes are
classified as Class D, W, or Y from most transportable to least transportable, respectively The
ICRP has determuned the solubility class for various plutomum compounds (ICRP, 1988a) These
are
s Class D (days) - no plutommuum compounds

o Class W (weeks) - all plutomum compounds except oxides
s Class Y (years) - oxides (PuO,)

Environmental sources and airborne releases of plutonum are hikely to be in the oxide form
(EPA, 1990b) Class Y plutonium refers to the solubility and body retention of the radionuchde
This class 1s mnsoluble in the body and, if breathed 1n, tends to be retamned 1n the lungs for
months to years As stated previously, PuO, 1s considered to be msoluble in the body, and thus

1§ classified as Class Y plutonium.

462 Ingestion
The ingestion of radioactive material (soil, water) represents another pathway by which
radioactivity may be transferred internally to blood and, subsequently, to other organs While
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a description of this pathway 1s simpler than for inhalation, due to the direct deposition of the
ingested matenal into the GI tract, evaluation of the balance of the biological-physical processes
mvolved 1s affected by the same uncertainties of biological parameters as were discussed for the
mhalation model In the ingestion model the cntical transfer mechamsm 1s the absorpnon of
radioactive matenal nto the systemuc blood from the small intestine, however, the gastrointestinal
tract provides a substantial barmrer to the uptake of plutonmum ingested with food or water In
adult ammals less than 0 01 percent of ingested plutonium 1s absorbed from the intestines (ICRP,
1988b) Inhaled plutomum waill also be cleared from the lungs to the gastrointestinal tract, so
gastrointestinal absorption 1s a consideration Values for the fraction, f; (GI absorption factor),
of ingested radioactivity transferred to blood have been studied 1n animals and to a limited extent,
are still subject to large uncertamnties which strongly affect projected doses to the reference
nternal organ The ICRP lists an f, value of 1x10* for oxides of plutonum, an f, value of 1x10™
for mitrates of plutonium, and an f, value of 1x10? for all other forms of plutomum (ICRP,
1988a) This indicates that the ingested plutonium will not easily transfer to other body
compartments The HEAST values listed in Table B 1 indicate that the EPA 1s using an f, value

of 1 x 10* for the oxides of plutonium

For the generic nisk assessment (Appendix C), the ingestion pathway becomes more significant,
and 1n fact may contribute the greatest percentage of nsk This contribution 1s due to utihizing
reasonable maximum exposure scenarios concerning resuspension of plutonium into the drinking

water supply

4 6 3 Dermal Contact

Plutonium-239 and plutomum-240 are alpha emutters and hence only present a biological hazard
if they are transferred into a biological system, however, dermal absorption 1s not a major route
of exposure (EPA, 1990b) The dermal contact human transfer pathway for plutontum would
involve skin contamination and subsequent transfer into the body through an open wound or by
ingestion Unbroken skin has been shown to be an effective barrer to the penetration of
plutomum, and dermal absorption coefficients cited 1n the hiterature are on the order of 5x10°
(NRC, 1988) It 1s highly unhkely that soluble plutonium 1s present in exposed sediments at
Sites 200-202 1n concentrations that would lead to transfer through an open wound by skin
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contaminaton  Since the GI absorption factor 1s 1 0x10° for class Y (insoluble) plutonium,
human bio-uptake of plutomium soils by the dermal contact pathway and subsequent GI
absorption 1s not plausible

47 RISK CHARACTERIZATION

This qualitatve rnisk assessment 1§ a systematic identification of potential hazards of events that
could result in undesirable consequences, and 1s inherently basically subjecive The mamn
disadvantage of this qualitative approach 1is that 1t 1s difficult to make specific numerical
comparnisons among the risks of different events or scenarios However, as shown 1n Table 4 1,
hazards can still be grouped by relative importance to the risk assessment (1 ¢ , critical, marginal)
and linked by magnitude of qualitative rnisk (1 ¢ , high, moderate, low, neghgible) Pathways and
release mechanisms that are classified as having critical importance to the risk assessment would
have a high probability of impacting a human receptor Those that have a marginal importance
have a very low probability of impacting a human receptor These groupings, coupled with the
risk evaluation presented in Appendix C, also can be used to indicate that there i1s not any
immnent threat to human health from Sites 200-202

471 Rusk Charactenization Process

The nisk characterization presented here evaluates the relative occurrence of plutomum 1n each
medza, 1ts ikelthood for transport to other media, and 1ts likelthood to impact a human receptor
The concepts developed in preceding sections are utihized to determune the magnitude of risk
(using existing information) based on the following ranking.

1 High -- A significant potential hazard to human health exists based on historical data,
physical charactenistics and/or present conditions

2 Moderate -- maximum credible assumptions of release mechamisms and exposure
pathways, 1t 1s possible that plutonium will be measured at the receptor point

3 Low -- It 1s highly unhkely that a hazard to human health exists, using maximum
credible assumptions of release mechanisms and exposure pathways combined with
historical data, the physical charactenistics of plutonium transport and present conditions

4 Neghgble -- The release mechamsms and completed exposure pathways are essentially
non-existant, therefore there 1s no nisk to human health
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472 Physical Model
Providing a reasonable estimate of internal radiaton doses due to inhalation and ingestion

requires that a consistent model for both the resprratory and gastromntestinal tracts be employed
While a large amount of theoretical and experimental work on such models has been done, the
most widely accepted models that provide reasonable estimates of internal radiation doses have

been those developed by members of the respective ICRP working groups

The proposed ICRP Task Group on Lung Dynamics (TGLD) model for the respiratory tract has
been well documented Parameters suggested for use in the model have been extensively
reviewed and, to some extent, improved in ICRP publications (ICRP, 1988b, ICRP, 1980) The
ICRP TGLD proposed model comprises three major respuratory compartments the
nasopharyngeal, the tracheobronchial, and the pulmonary Each of these major compartments 1s
divided 1nto subcompartments corresponding to various transfer mechanmisms, which are treated
as essentially independent processes In addition, the associated lymph nodes are appended to
the pulmonary compartment 1n one of the transfer chains Direct deposition through inhalation
occurs to the three major compartments, with the fractional deposition 1n each being a function
of the aerosol propertiecs Subsequent transfer and/or clearance 1s governed by parameters

specified for each subcompartment
For the calculation of soil/water ingestion, the ICRP gastrointestinal tract model can also be used
to determune 1nternal exposure The model comprises a four-compartment tract consisting of the

stomach, small intestine, and lower and upper large intestine

473 Rusk From All Modes of Exposure

The chemucal forms of plutommum found 1n the off-site sediments at Sites 200-202 are highly
insoluble both 1n the environment and in the human body Based on a review of exposure
pathways and routes 1t appears that for the current use scenaro, the potential for human uptake
1s negligible and poses a very low potential nsk pathway in the qualitaive model Developing
these concepts in tabular form, biological uptake mechamisms from all release pathways can be

ranked from the most likely to the least likely for the current and future land use scenano
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Exposure Route

Inhalation

Direct ingestion of souls
Inhalation then ingestion
Ingestion of drinking water
Bioaccumulation

Dermal contact

The last two routes are considered negligible from a risk standpoint based on current data
Appendix C utilizes reasonable maximum exposure assumptions to look at potential risk via the

pathways listed above

A qualtative comparnison of pathway specific nsk 1s provided by the EPA (EPA, 1990b) The
EPA has developed the following media-specific concentration-based unit nisk factors for age-
averaged lifenme excess total cancer per umt daily intake (exposure for 70 years) of Class Y
Plutonium-239

Soil Ingestion
1 pCi/g

84x 108

! The media-specific nisks are based on standard man (155 pounds [70 kilograms]) intake rates
of

* 706 ft/day (20 m’/day) inhaled air
¢ 06 gal/day (2 2 l/day) ingested hiquid
« 22x10* Ibs/day (0 1 g/day) ngested soil

These values assume that all daily media exposure 1s derived from contaminated airborne fugitive
dust (706 ft*), surface water/surface runoff (06 gal water), and so1l (2 2x10* 1bs) and that
exposure occurs continuously for a 70-year lifeume In other words, per unit concentration n
each media, the unit nsk 1s far greater from inhalation of dust in air than the other two
exposures, however, 1t should be kept in mind that umt concentrations 1n these media are not

comparable 1n terms of likelihood of occurrence In fact, the generic nisk assessment developed
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in Appendix C indicates that for the future use residennal scenario, the ingestion pathway would
contribute the significant percentage of total sk Inhalation has been calculated to be the

prnmary nsk for the no action alternatives for current land use

These unit nsk factors use the same basic approach as other models (DOE, ICRP), however, the
EPA uses the model to denive nisk from each type of media These risk factors reinforce the
premuse that inhalation of plutonium (pCi/m’) has a much greater nsk factor than from ingestion
of water (pCyl) or sediments (soil) (pCy/g) Under current reservorr use, the air pathway from
Sites 200-202 produces a neghgible nisk to the public, therefore 1t can be inferred that other
pathways must also produce a neghgible nsk

This conclusion will be vahidated or refuted by calculation of a true site-specific quantitanve rnsk
assessment during the RFI/RI.

48 APPLICATION OF RISK ASSESSMENT TO EACH RESERVOIR

In the previous sections, the reservorrs have been treated as one unit because of the similarities

of sources and pathways The final criteria, that of exposure point, 13 somewhat dissimular for
the three reservours The following sections discuss the source term, exposure pathways, uptake
mechanisms, and exposure point for each reservoir separately While various exposure pathways
are discounted as part of the qualitative assessment of which pathways are most significant (based
on current data and judgement), all of the exposure pathways will be evaluated during the
scheduled RFI/RI actuvities

4 8.1 Great Western Reservorr

Until recently, Walnut Creek emptied into Great Western Reservoir, which 1s the drinking water
source for the City of Broomfield At full capacity, this reservorr 1s a maximum of 62 ft (19 m)
deep and covers 7 2x10° f* (668,000 m?) with a volume of 12x10° ft® (3,430,000 m®) Except
duning periods of heavy rain and runoff the reservoir 1s not filled to capacity More typically,
the reservoir 1s maintained at about 43 ft (13 m) depth covenng an area of 3 2x10° ft (294,500
m?) with a volume of 4 1x107 £t (1,162,000 m®)
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Public access 1s restricted at the reservorr, and no recreational use of 1t 1s allowed. Historical
data indicates that the major source of plutonium present 1n the reservorr 1s from waste hquid
discharges from holding ponds that were transported by tributaries of Walnut Creek This
pathway has been eliminated It 1s unclear if some fracnon of the plutonium present in the
reservolr sediments 1s from the awrborne pathway produced by the 903 Pad barrel storage area
However, this pathway too has been effectively elimunated by institutional controls (construction

of an asphalt pad)

4 8.1 1 Surface Water/Tap Water/Ground Water
All of the reservorr, domestic water, and background results are essentially the same within the

limats of analytical and sampling variattons The results indicate that the sediment 1n the
reservorr 1s effectively immobilizing the plutontum and preventing its movement nto the
municipal dnnking water The reservoir water passes through a filter plant prior to domestic
consumption, further reducing the hikehhood that suspended silt containing plutonium could reach
a receptor through the drinking water pathway An extensive ground water monitoring system
on and around the RFP has been developed The well locations on-site were selected to intercept
ground water 1n areas where potential contamunation mught be expected Well locations are near
holding, evaporation ponds, and creek beds Monitoring wells 1n the buffer zone along the
eastern boundary of the RFP have been sampled, and 1n no case have plutomum levels above
background been detected 1 any of the wells Although data are not available concerning
plutomum transport from Great Western Reservorr surface water/sediments to ground water, it
can be inferred that this pathway 1s not plausible This suggests that soil/sediment 1s a good
medium for removing plutomum from an aqueous media Therefore, since surface water, ground
water, and tap water are not sources or transport media for plutomum transport in the
environment, the following pathways can be discounted 1n this qualitative risk assessment

Surface Water — Tap Water

Surface Water — Ground Water
Surface Water — Biotic Uptake

Surface Water — Deposition

Surface Water — Irngation

Surface Water — Infiltration

Surface Water — Fugitive dust wind erosion

Ground Water — Seepage
Ground Water — Pumpage
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4 812 Reservorr Sediments

Sediment sampling has been performed at Great Western Reservoir on a number of occasions
In an EPA study from 1973, peak plutomum sediment concentrations were detected at 4 5 pCy/g,
with an average of 14 pCyg 1n the upper 2 1n (5 cm) A Battelle study from 1974 detected
plutomum values ranging from 001-8 2 pCi/g Rockwell International conducted a sediment
study during 1983-84 using two different analyses In this case, peak concentrations were 6 1
pCy/g plutonium 1n the sediment The highest concentrations of plutonium were found near the
inlet of the reservorr and along the dam where the greatest sedimentation rate has also been
found This sedimentation rate has effectively buried the greatest concentration of plutomum 1n
a layer approximately 12-15 in (30-38 cm) below the top of the sediment Although at some
pomnt the reservorr will be emptied for repaiwr, the qualitative risk of that scenario 1s not
specifically addressed 1n this document Since 1t 1s possible that under normal conditions the
reservorr level could drop and expose potentially contaminated shallow water sediments for

subsequent fugittve dust wind erosion, this pathway will remain 1n the qualitative nisk assessment

4813 Spillway Sediments
The spillway sediment pathway has been examuned, and the results indicate that sediments

accumulating within the spillway were well below the 09 pCi/g (0 03 Bg/g) acuvity screening
level for soils adopted by CDH During periods when the reservoir 1s not at maximum capacity,
the sediment 1n the spillway 1s not submerged The location of greatest depth of sediment 1s near
the stop logs of the entrance and sediment accumulation 1s at minimum at the southeast end of
the spillway Although 1t 1s possible that these sediments could be the source of fugitive dust,
it 1s not a likely release mechanism for plutomum transport 1n the environment due to the low

probability of plutonium being present in the spillway sediments Therefore the

Lake/Reservoir Sediments — Reservoir Discharge — Surface Water — Fugitive Dust

pathway can be discounted in this qualitative nsk assessment

4814 Ax
No credible scenario exists that could produce an exposure pathway from wind stripping of the
surface water As stated previously, although dried reservoir sediments present a possible

fugitive dust pathway from wind erosion, the source term (plutonium exposed sediments) 1s not
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present under current conditions Therefore, the following pathway can be discounted 1n this

qualitative risk assessment

Wind Stripping of Water — Awr

4 82 Standley Lake
Standley Lake 1s a large body of water 43,000 acre-ft (5,300 hectare-meter) 1n volume located

approximately 2 mu (3 2 km) southeast of RFP’s eastern boundary The reservorr is used as a
part of the municipal water supply for the cities of Westmnster, Northglenn and Thornton,
supporting approximately 185,000 persons In addition, the reservoir serves as a recreation area

Boating, fishing, swimming, hiking and biking occur 1n and around the reservorr

Standley Lake receives approximately 96 percent of 1ts water from Clear Creek via an urigation
ditch, a water source that has no history of plutonium transport Woman Creek, an ephemeral
stream which also feeds Standley Lake, has been a pathway by which plutonium could mugrate
to the Lake Historical data indicates that another likely pathway exists from soil erosion within
the Woman Creek watershed and windblown plutomum contarmnation from the 903 Pad area
This pathway has been effectively eliminated by institutonal controls (construction of an asphalt
pad) However, the surface water-soil erosion pathway may conceivably still exist Studies of
Standley Lake sediments indicate that contamination 1s not ongoing, suggesting that the source
of plutonium from the Woman Creek watershed was the 903 Pad

4 82,1 Surface Water/Tap Water/Ground Water

All of the reservorr, domestic water, and background results are essentially the same within the
hmuts of analyucal and sampling varnations The results indicate that the sediment in the
reservorr 1s effectively holding the plutonium and preventing 1ts movement into the municipal
drninking water. The reservoir water passes through a filter plant prior to domestic consumption,
further reducing the hikehhood that suspended silt contaiming plutomum could reach a receptor
through the drinking water pathway Extensive ground water monitoring wells on and around
the plant site have been developed The well locations on-site were selected to intercept ground
water 1n areas where potential contamination might be expected Well locations are near holding

ponds, evaporation ponds, and creek beds Background wells in the buffer zone surrounding the
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RFP have also been developed, and 1n no case has plutonium levels above background been
detected in any of the wells This suggests soil/sediment 1s a good medium for removing
plutonium from an aqueous media Although data are not available concermng plutomum
transport from Standley Lake surface water/sediments to ground water, 1t can be inferred that this
pathway 1s not plausible Therefore, since surface water, ground water, and tap water are not
release mechamisms for plutonium transport 1n the environment, the following pathways can be
discounted 1n this qualitative nisk assessment
Surface Water — Tap Water
Surface Water — Ground Water
Surface Water — Biotic Uptake
Surface Water — Deposition
Surface Water — Irrigation
Surface Water — Infiltration
Surface Water — Fugitive dust wind erosion

Ground Water — Seepage
Ground Water — Pumpage

4822 Lake Sediments

Plutonium concentrations in Standley Lake sediments are much lower than those found at Great
Western Reservorr  However, this conclusion 1s based on hmited sampling data from numerous
studies This source of release to the environment will remain as a potential pathway n the
qualitative risk assessment since 1t 1s possible that lake levels will decrease, exposing sediments
potentially containing plutonium These sediments could then create fugitive dust through wind

erosion

4823 Anx

No credible scenano exists that could produce an exposure pathway from wind stripping of the
surface water As stated previously, although dned reservoir sediments present a possible
fugitive dust pathway from wind erosion, the source term (plutonium exposed sediments) 1s not
present under current concditions Therefore, the following pathway can be discounted 1n this

qualitative risk assessment

Wind Stripping of Water — Air

RFPapr200 r 84 061291



4824 Biota

Since Standley Lake 1s used as a recreational resource for fishing, the CDH analyzed edible fish
tissue collected from the lake for the presence of plutonium (Appendix D, Document D-11)
Bottom feeders, mid-level and surface predator fish were captured, and 1n all cases, plutonium
concentrations 1n all species of fish tissue sampled were at or below the lower limit of detection
for this analysts Since fish represent the highest level of orgamisms within the food chain for
Standley Lake (excluding bird eating fish and fisherman), the non-detection of plutomum 1s

indicative that bioconcentration 1s not occurring as one moves up the food chain

4 83 Mower Reservolrr

Very little documentation exists for Mower Reservorr, but 1t 1s used for agricultural purposes and
has restricted pubhic access An EPA study was performed durning the 1970s, but further data
collection 1s required No recreational use of the reservorr 1s known to exist Because 1t 1s fed
by Woman Creek, this reservoir may also have been affected by the surface water contaminants
believed to have contributed to plutonium levels in Standley Lake sediments (Section 2 2)
Plutonium transported from Site 199 may impact this reservoir However, since current
plutonium levels are so low at Site 199, 1t 1s felt that any future impact will be neghigible from
the pathway It has been speculated that concentrations of radionuclhides in Mower Reservorr
sediments should not exceed levels measured 1n Great Western Reservorr and Standley Lake
Therefore, the same description of possible pathways and their exclusion from the risk model will

be restated here

4831 Surface Water/Tap Water/Ground Water

All of the reservorr, domestic water, and background results are essentially the same within the
limuts of analytical and sampling vanations. The results indicate that the sediment in the
reservorr 18 effecuvely holding the plutonium and preventing its movement into the municipal
drinking water The reservoir water passes through a filter plant prior to domestic consumption,
further reducing the likelihood that suspended silt containing plutonium could reach a receptor
through the dnnking water pathway Extensive ground water monitoring wells on and around
the plant site have been developed The well locations on-site were selected to intercept ground

water in areas where potential contamination mught be expected Well locations are near holding,
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evaporation ponds, and creek beds Background wells in the buffer zone surrounding the RFP
have also been developed, and 1n no case has plutonium levels above background been detected
1n any of the wells This suggests soil/sediment 15 a good medium for removing plutonium from
an aqueous media ‘Therefore, since surface water, ground water, and tap water are not release
mechanisms for plutonium transport in the environment, the following pathways can be
discounted 1n this qualitative risk assessment
Surface Water — Tap Water
Surface Water — Ground Water
Surface Water — Biotic Uptake
Surface Water — Deposition
Surface Water — Irngation
Surface Water — Infiltration
Surface Water — Fugitive dust wind erosion

Ground Water — Seepage
Ground Water — Pumpage

4 832 Reservoir Sediments

Limited information 1s available concerming plutonium concentrations in the sediments The
concentrations of radionuclides 1n these sediments 1s not expected to exceed those found in Great
Western Reservoir or Standley Lake However, this source release will remain as a potential
pathway 1in the qualitative risk assessment since 1t 1s possible that reservorr levels will decrease,
exposing sediments potentially contaiming plutomum These sediments could then create fugitive

dust through wind erosion

4833 Arr

No credible scenario exists that could produce an exposure pathway from wind stnpping of the
surface water As stated previously, although dried reservoir seciments present a possible
fugiuve dust pathway from wind erosion, the source term (plutomum 1n exposed sediments) 1s
not present under current conditions. Therefore, the following pathway can be discounted 1n this

qualitative nisk assessment

Wind Stripping of Water — Air
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49 UNCERTAINTIES IN THE RISK EVALUATION

The procedures and mnputs used to assess potential human health and environmental risks 1n this

and most such evaluations are subject to a wide vanety of uncertainties The five main sources
of uncertainty are the following

Inadequate sample population

Sampling and analytical methods

Fate and transport modeling

Exposure estimation

Toxicological data and dose response extrapolation

Errors associated with samphng and analysis include inherent errors in laboratory analysis,
representativeness of the samples, sampling errors, and heterogeneity of the sample matnix
Although QA/QC programs serve to reduce these errors, they cannot elmmnate all errors

associated with sampling and analysis

491 Toxicology Uncertainties

Toxicological data errors are also a source of uncertainty The EPA noted this 1n 1ts guidelines
for carcinogenic risk assessment
"There are major uncertainties 1n extrapolating both from animals to humans and from
high to low doses There are important species differences 1n uptake, metabolism, and
organ distmibution of carcinogens, as well as species and strain differences 1n large site
susceptibility Human populations are vanable with respect to geographic constitution,

diet, occupational and home environment, activity patterns and other cultural factors
(EPA, 1986) "

The estimation of exposure requires numerous assumptions to describe the potential exposure
situations There are a number of uncertainties regarding the fate and transport of plutonium, the
likehthood of exposure, the frequency of contact with contaminated media, the concentration of
constituents at exposure points, and the time period of exposure. These assumptions tend to
oversimplify actual site conditions There are inherent uncertainties 1n determining the intake

value when combined with toxicological information, to assess risk In this qualitative
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assessment, specific assumptions with standardized values were used The major assumptions

used 1n this assessment are as follows
+ Consttuent concentrations remain constant over the exposure period
+ Exposure remains constant over time

» Average concentrations of constituents detected are reasonable estimates of exposure at
the exposure point

» Exposed populations remain constant over the exposure period

o No dilution factor for the contaminants 1s offered, and they are available for 100 percent
bio-uptake

¢ Risks are additive

Table 4 3 qualitatively describes the general assumptions used 1n the risk assessment, and thewr

effect on the rnisk assessment

492 Carcinogenic Risk Uncertainties
Numerous references (EPA, 1990b, ICRP, 1980) provide numerical estimates of the risk of fatal

cancer induction from iomzing radiation These estimates may be a function of dose to an
individual organ, whole body dose, duratnon of exposure, or quantity of radioactive matenal

ingested or inhaled ’

A single slope factor (EPA, 1990b) was chosen to estimate hfetime risk of fatal cancer as a
function of the receptor’s hfetime intake of the individual radionuchde Greater accuracy
resultung from the use of more situation-specific factors would make the magmtude of the other
uncertainties 1n the estmation of human intake of radionuchdes Based on a review of current
nsk estimates, 1t 18 assumed that the use of the single nisk factor will generate an overesumation

or underestimation of one order of magnitude compared to the use of a situation-specific factor

Because of the low probability of cancer induction at the levels of human exposure to radioactive
material normally encountered in the environment, additional uncertainties anse from

extrapolating risk estimates from much higher levels, where deleterious effects may be observed
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TABLE 4.3

. ASSUMPTIONS AND THEIR EFFECTS ON RISK ESTIMATION
SITES 200-202, ROCKY FLATS PLANT
Effect on Risk
May Over/
May Over- May Under- Under-
Assumption Estimate Risk Estimate Risk | Estimate Risk

Environmental Sampling and Analysis

Sufficient samples may not have
been taken to characterize the
matrices being evaluated Moderate

Systematic or random errors 1n
the radiochemical analyses may
yield erroneous data Low

Plutonium concentrations reported
as "below method detection limut"
are considered to be a non-detect

data point Low

. The qualitative public health
evaluation 1s based on the
chemucal of concern (Pu) only
This may represent a subset of
the radionuclides possible at the
site Moderate

Exposure Parameter Estimation

The standard assumptions
regarding body weight, period
exposed, life expectancy,
populanon charactenstics, and
lifestyle may not be
representative for any actual
exposure situation Moderate

The amount of media intake 1s
assumed to be constant and
representative of the exposed
population Moderate
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TABLE 4.3

. ASSUMPTIONS AND THEIR EFFECTS ON RISK ESTIMATION
SITES 200-202, ROCKY FLATS PLANT
(continued)
Effect on Risk
May Over/
’ May Over- May Under- Under-
Assumption Estimate Risk Estimate Risk | Estimate Risk
I e R — - — — — . . - e T g 1

Exposure to contaminants
remains constant over exposure
period Moderate

Concentration of contaminants
remains constant over exposure
peniod High

All plutonium 1s available for
inhalation 1n respirable-size
particles High

. For most contaminants ail intake
1s assumed to come from the
medium being evaluated This
does not take 1nto account other
contarmnant sources such as diet,
exposures occurring at locations
other than the exposure point
being evaluated, or other
environmental media which may
contribute to the intake of the
chemical (1 e, relatve source
contribution 1s not accounted for) Moderate

Environmental Parameter Measurement

Food does not contribute to
plutomum uptake Moderate

Dermal absorption of plutonium
from soil 1s neghgible Low
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TABLE 4.3

ASSUMPTIONS AND THEIR EFFECTS ON RISK ESTIMATION
SITES 200-202, ROCKY FLATS PLANT

(contuinued)
Effect on Rask
May Over/
May Over- May Under- Under-

Toxicological Data

Risks are assumed to be addive
Risks may not be additive
because of synergistic or
antagonistic actions or other
chemucals

Moderate

Assumes absorption 1s equivalent
across species. This 1s implicit in
the derivation of the acceptable
intakes or cancer slope factors in
this assessment.

Extrapolation of toxicity data
from species to species, and from
laboratory amimals to amimals 1n
the field

Moderate

SR
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Because of gaps in current scientific understanding of radiological carcinogenests, radiological
cancer risk assessment requires the use of a senes of judgmental decisions on numerous
unresolved scienufic 1ssues These judgmental decisions lead to uncertainties 1n cancer risk
assessment because major assumptions are necessary for data extrapolation The four main data
extrapolations are discussed in the following
s The extrapolation of experimental results across species from laboratory amimals to
humans
o The extrapolation of data from high-dose region of exposure of human or laboratory
ammals to the low-dose region of exposure of the general population
o The extrapolation of data across exposure durations from acute to chronic cases

o The extrapolation of data across age groups from adults to children or across ethnic
populations

The uncertainties associated with these four basic data extrapolations are mnherent 1n EPA slope
factors for radionuchdes and nsk coefficients used in conventional radiological risk assessment

methodology These uncertainties 1n risk estimation are discussed in the following paragraphs

4921 Internal Exposure
Uncertainties 1n internal dose calculations based on ICRP models anse primanly from five

sources. 1) the uncertainty in reference man data (age- and sex-specific differences and
biological and ethnic varniability 1n anatomical and physiological parameters), 2) the uncertainty
1n the lung and GI tract models describing the translocation and absorption of inhaled or ingested
radionuclides into the blood (e g, the uncertainty 1n the anatomucal model of the lung and GI
tracts and age-specific physiological and morphological properties of the models), 3) the
uncertainty associated with the formulation of the ICRP (1988a) biokinetic models describing the
distribution and retention of radioactivity among the various organs in the body (e g, the
biokinetic models are mainly based on amimal data and often estimate excretion waccurately, the
growth of radioactive daughters 1s usually handled unrealistucally), 4) the uncertainty 1n the dose
models used to calculate the absorbed dose to organs from radionuchdes retamned 1n the body
(nonumform distnbution of the activity 1s normally found in human organs), and 5) the
uncertainty in the model parameters (e g, absorption fraction [f;], which contnbute the largest
uncertainty in the GI tract model, intake rate, and effective half-life)
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Uncertainties 1n risk esttmation from internal exposure arise from the following sources 1) the
assumption of the dose response model for estmating radiatton-induced cancer risks at low doses
and low dose rates based on data at high doses and high dose rates, 2) the choice of the nsk
models, latency peniod, and expression period for various types of radiation-induced cancers
beyond the years of observation, 3) the age-specific parameters (risk coefficients) used for both
absolute and relative risk models obtained from the Japanese atomic bomb survivor data, based
on relative high doses and Japanese populations, 4) the use of age-specific mortality rates based
on data collected in the United States in 1970, and 5) the use of mortality-to-incidence risk ratios
for various types of cancers (Cancer incidence statistics are incomplete, and there 1s a possibility
of dufferences 1n the relative frequency of cancer types between radiogenic cancers and those

caused by other factors )

4 10 DATA NEEDS

It 1s evident that sufficient field data are lacking to perform an adequate quantitatve risk
assessment of Sites 200-202 The following quantitative information would greatly increase the
accuracy of any future nsk assessment Many of the parameters lhisted below have been
quantified for the RFP as a whole, however, the applicability of the existing data to Sites 200-202
has not been ngorously evaluated, and much of the existing data have not been validated An
early step in the data acquisiion process, therefore, should be to evaluate the applicability of
existing environmental data from the RFP to Sites 200-202 While the following sections
describe some of the additional information which wall be required to conduct a quantitative risk
assessment, the Sites 200-202 RFI/RI work plan will address these data needs 1n greater detail

4 10.1 Physical Parameters of the Sites
Sediment parameters such as soil particle size, determunation of soil particle size fraction with

which plutonium 1s associated, organic content, and bulk density should be determuned
Meteorological parameters such as the frequency distrnibution of wind speed, direction and annual
stability class should be collected Worst case soil (exposed sediment) and meteorological
conditions (1 e, those conditions at the site most conducive to plutomum transport) should be
1dentified
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4 102 Determination of Fugitive Dust Impact
. More site specific information of the potential for wind erosion from exposed sediments needs

to be collected and evaluated

4103 Hydrology
The surface and ground water charactenstics at Sites 200-202 need to be adequately characterized

as they relate to contarmnant transport Site specific data need to be collected as part of the
RFI/RI activity Straufied water samples should be collected from the reservors.

4 104 Radiological Charactenization
The lateral and vertical extent and magnitude of all plutonium and amencium 1sotopes (and any

other radiological parameters) 1n the reservoir sediments should be determuned. The oxidation
state and chemucal state of plutonium and other radionuchdes should be characterized. Sediment
samples should be further characterized, and a standardized procedure should be made available

for the quantitative risk assessment

. 4105 Other Contaminants
Additional charactenization of the site for potential morganic and organic contaminants needs to

be conducted The media of greatest concern are sediments, surface water, and ground water

4106 Biota
Biota should be characterized. Analysis of both plutontum and americium uptake should be
performed

°
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5.0 CONCLUSIONS AND RECOMMENDATIONS

Over 30 documents detailing studies of Sites 200-202 were reviewed 1n preparing this report.
These studies address different aspects of the Sites and have been conducted using markedly
different techniques While this inconsistency in approach and techmque has limted the
usefulness of the existing data relative to IAG requirements, the following conclusions can be
drawn from the body of available information for Sites 200-202

o Plutonmum and amencium (a decay product of plutonium) are the only known
contamunants 1n the reservorrs attributable to RFP releases This conclusion 1s based
on extensive water quality monitoring data for Great Western Reservorr and Standley
Lake and analysis of bottom sediment samples for numerous potennal RFP-denved
contaminants, including various radionuclides and berylhum.

¢ Plutonium-bearing honzons of bottom sediments in Great Western Reservorr and
Standley Lake have been covered by subsequent sedimentation The highest sediment
plutonmium concentrations were found to exist in the deepest areas of each reservorr
The concentrations of plutonium 1n the sediments 1n areas of highest exposure potential
(1e, near-shore areas) of Great Western Reservorr and Standley Lake are above
background levels, as measured by several past studies in sediments of Colorado Front
Range reservorrs believed to be unaffected by RFP releases

¢ Maximum plutonium concentrations measured to date mn Great Western Reservorr
sediments are several imes higher than those measured to date in Standley Lake
sediments

¢ Only four sediment samples have been collected (all 1n 1970) to assess plutontum
concentrations in Mower Reservoir sediments The highest plutonium concentrations
measured were roughly twice the estimated background concentration due to
atmospheric testing fallout, and were several imes lower than the highest concentrations
measured to date in Standley Lake

o Plutomum 1s strongly adsorbed to the clay-rich sediments typical in impoundments near
the RFP Studies have shown that plutonium 1n the reservoir sediment columns 1s
effecuvely immobilized.

* Routine water quality momtoring indicates that water quahty in Standley Lake and
Great Western Reservoir has not been measurably impacted by plutomum 1n the
reservorr sediments. A single water sample collected in 1970 from Mower Reservoir
showed background plutonium concentrations (background 1s due to atmospheric testing
fallout)
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o Residential tap water derived from Standley Lake and Great Western Reservorr 1s
routinely analyzed for plutomum  Results consistently indicate that plutonium
concentrations are well below CDH drinking water standards

o Of the many potential exposure pathways i1denufied for the reservours, the airborne
pathway from reentrainment of exposed sediments 1s considered the most sigmficant
pathway that can convey plutonium to human receptors from Sites 200-202. Airborne
plutomum concentrations measured by air monitors downwind of Sites 200-202 have
remained well below the 0 02 picocuries per cubic meter (pCy/m?), or 0 0007 becquerel
per cubic meter (Bq/m’) standard set by DOE All potental exposure pathways,
however, will be addressed under scheduled RCRA Facility Investigation/Remedial
Investigaton (RFI/RI) activities at Sites 200-202

While the available data for Sites 200-202 point to the above conclusions, they are not sufficient
to support a quantitative risk assessment To confirm these conclusions with quantitative data,
1t 18 recommended that additional site data, including meteorological parameters and sediment
and air samples be collected. Further sediment sampling should also be performed to confirm
conclusions concerning plutonium concentrations and mobility 1n sediments at Sites 200-202
A quantitative risk assessment can then be performed to quantfy the human health nsks
associated with the three reservowrs. These data collection activities should be integrated into
scheduled RFI/RI activities
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